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The effects of protein-calorie malnutrition and partia l social iso­
lation on learning were studied in 16 juvenile rhesus monkeys. Diet 
and social environment were varied in a 2 x 2 factoria l design with 
two repeated measures. The nutritional manipulation involved rearing 
from 120 days of age on e ither a high protein (25% casein by weight) 
or a low protein (3.5% casein by weight) d ie t. Social environments ^  
were varied by rearing either in group liv ing  cages or in individual /  
housing (p artia l social iso la tion ). Testing took place in a Wisconsin 
General Test Apparatus and involved daily presentations of 36 problems 
of spatial delayed alternation with correction (delay intervals of 10, 
20, 30, 40, 50, and 60 seconds).
Significant differences between groups were found for both the en­
vironment and the d iet effects across tr ia ls  such that the high pro­
tein subjects performed better than the low protein subjects and 
isolates performed better than social animals. In addition, social 
animals were found to make more perseverative response errors than 
isolates. However, d ietary and rearing conditions were not found to 
in teract in producing th e ir effects. F ina lly , a s ign ificant d iet by 
delay effec t was found such that high protein animals performed better 
than low protein animals on the shorter delay intervals.
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CHAPTER I 
INTRODUCTION
While i t  has long been accepted that adequate nutrition  is a 
requirement for normal growth and development, i t  has only been in 
recent years that m alnutrition, especially protein-calorie malnu­
tr it io n  (PCM), has been recognized as an important world health 
problem. The term protein-calorie m alnutrition was proposed by 
the Joint FAO/WHO Expert Committee on Nutrition (World Health Or­
ganization, 1962) to describe a number of c lin ica l syndromes, such 
ais kwashiorkor, marasmus, and famine edema, resulting from diets 
deficient in protein and/or calories. While there has been some 
disagreement over the classification  of PCM disorders (World Health 
Organization, 1971), kwashiorkor is generally found in young children 
with inadequate protein intake and is characterized by edema, growth 
retardation, muscle wasting with retention of subcutaneous fa t ,  and 
lowered serum albumin, serum lipase, and cholesterol levels (J e ll-  
i f fe  and Wei bourn, 1963). Marasmus is found in chi ldren whose diets 
provide an in su ffic ien t number of calories and consequently results 
in growth retardation, muscle wasting without retention of subcu­
taneous fa t ,  and near normal serum albumin, serum lipase, and choles­
terol levels ( J e l l i f fe  and Welbourn, 1963).
1
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Only rough approximations o f the prevalence of such severe forms 
of malnutrition are available, but i t  has been estimated that between 
0% and 7.6% o f the world's children, less than fiv e  years o f age, 
suffer from e ither kwashiorkor or marasmus (Bengoa, 1970). However, 
a much larger portion of children suffer from moderately inadequate 
diets , with estimates varying from country to country between 4.4% 
and 43.1% of children less than five  years old (Bengoa, 1970). Simi-
i'
la r ly , a recent summary lim ited to data collected in A frica , Asia, 
and the Americas has reported that severe PCM ranged between 0.5% and 
8%, and that moderate PCM ranged from 4% to 43% (World Health Organi­
zation, 1972). Thus, i t  is clear that moderate PCM is much more 
prevalent and is potentia lly  a more important problem from both world 
health and socio-economic points of view than are severe forms of PCM.
Nevertheless, most studies of malnutrition have been based on 
animals subjected to severe dietary regimens, or on human data ob­
tained from children hospitalized because of severe PCM. Such studies 
have revealed permanent alterations in physical development and have 
suggested that malnutrition may cause long term alterations in behavior 
and mental development. Essentially two models have been developed to 
in terpret the results o f such studies. The more popular model, the 
brain damage model, assumes that m alnutrition brings about metabolic 
or structural changes in the central nervous system which result in 
various behavioral deficiencies characteristic of brain damage, such 
as hyperactivity, inter-sensory learning d e fic its , and poor motor 
control. The idea of vulnerable periods o f central nervous system 
development is central to th is  model. Thus, i t  has been hypothesized
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that i f  a developmental process is restricted at the time of its  
fastest rate of growth, the ultimate extent of development w ill be 
restricted . Such a model predicts that normal development cannot 
be achieved even following reh ab ilita tio n , that the e ffec t cannot 
be obtained in adults, and that the severity o f restric tion  necessary 
to produce a given d e fic it  decreases as the time of fastest rate of 
growth is approached (Dobbing, 1968).
Numerous studies have reported such permanent structural and 
physiological changes following PCM in the rapidly developing brain. 
Reductions have been reported in gross brain weight in rats (Winick 
and Noble, 1966), pigs (Dickerson, Dobbing, and McCance, 1967), and 
in children (Stoch and Smythe, 1963; Brown, 1965). S im ilarly , re­
ductions have been reported in the to tal number of cells in the brain, 
both in rats (Winick and Noble, 1966; Culley and Lineberger, 1968) 
and in children (Winick and Rosso, 1969; Winick, 1972), and decreased 
myelination has been noted in rats (Dobbing, 1964; Dobbing and Widdow- 
son, 1965; Culley and Mertz, 1965; Benton, Moser, Dodge, and Carr, 
1966), and in pigs (Dickerson, Dobbing, and McCance,,1967; Dobbing, 
1968). In summary, ample evidence is available to conclude that PCM 
leads to permanent changes in the central nervous system. However, 
such changes have not been demonstrated to be d irec tly  responsible 
for the behavioral abnormalities associated with malnutrition.
More recently, an environmental deficiency model has emerged 
to explain such abnormalities. This model hypothesizes that malnu­
tr it io n  prevents an organism from adequately interacting with its  
environment (Levitsky and Barnes, 1972; Strobe!, 1972; Zimmermann,
4
Steere, Strobe!, and Horn, 1972). Thus, i t  has been suggested that 
the apathy and listlessness associated with severe PCM may lead to 
a partia l breakdown between the organism and its  environment, creating 
a situation analogous to sensory or perceptual deprivation (World 
Health Organization, 1972). While such a model predicts alterations  
in the a b ility  o f the organism to learn from its  environment or to 
be stimulated by i t ,  the environmental deficiency model should not 
be confused with an environmental deprivation or isolation approach 
to the abnormalities reported in malnutrition research. Thus, while 
the effects may be indistinguishable, the environmental deficiency 
model hypothesizes that they are the result of a deficiency on the 
part of the organism to successfully in teract with its  environment, 
while an environmental deprivation approach is concerned with the 
effects resulting from liv ing  in a less than optimal environment.
Such environmental deprivation has been a major confounding 
variable in f ie ld  studies of human PCM. Many studies have lacked 
adequate controls for various biological and socio-economic d if fe r ­
ences between control and experimental groups. Often there are d i f ­
ferences between groups in housing, sanitation, water supply, and 
exposure to parasitic  and infectious diseases (World Health Organi­
zation, 1967). Underprivileged children frequently face unstable 
homes, poor child-rearing practices, and de fic its  in environmental 
stimulation. In severe cases of m alnutrition, a schism between the 
expected pattern of reciprocal stimulation between mother and child 
has been reported ( P o l l i t t ,  1972). Additionally, many studies have 
been based on children hospitalized fo r severe cases of PCM, but the
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effects of separation trauma and in s titu tio n a liza tio n  on development 
(Spitz, 1965; Provence and Lipton, 1962; Yarrow, 1964; Skeels, 1966; 
Eichenwald and Fry, 1969; Yaktin and McLaren, 1970) have not been 
considered.
Stoch and Smythe (1963, 1967, 1968) studied 20 South African 
children who were severely malnourished (marasmus) during the f i r s t  
two years of l i f e .  Control subjects were matched for age, sex and 
socio-economic level but were from more stable homes than the mal­
nourished subjects. A fter seven and eleven years, scores for the 
malnourished subjects fe l l  below th e ir controls on a number of psy­
chological tests , including fu l l  scale, verbal, nonverbal, vocabu­
lary , and pattern completion. The authors concluded that defic its  
in visuomotor and pattern perception could suggest organic brain 
damage or may have been the resu lt o f decreased receptiv ity  to ex­
ternal stimuli during the sensori-motor period of development. How­
ever, Stoch and Smythe have been c ritic ize d  fo r fa ilu re  to control 
fo r the disparate family settings o f th e ir  subjects.
Cravioto and Robles (1965) studied 20 children (0-30 months 
old) who were hospitalized during rehab ilita tion  from kwashiorkor. 
While lower IQs, especially decreased languaged development (Gesell 
schedules), were found in a ll  age groups, older subjects improved 
during hospitalization while younger subjects (less than 6 months) 
fa iled  to improve. Non-nutritional factors were not taken into ac­
count but a majority of children were reported to have parents who 
were either i l l i t e r a te  or of low scholastic achievement (Cravioto, 
1968).
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In a la te r  cross-sectional study, Cravioto, DeLicardie, and 
Birch (1966) compared intersensory functioning between upper and lower 
quartiles of height fo r age in a rural population o f Guatemalan c h il­
dren. I t  was assumed that children in the lowest quartile  of height 
for age would be most lik e ly  to have experienced early malnutrition.
To control fo r small stature as a result of a maturational lag, ch il­
dren of the same ages and with equivalent height differences were 
selected from an upperclass urban population (assuming that such c h il­
dren never experienced m alnutrition). Data on parental stature and 
on the social, economic and educational status of the families of 
these children were also collected. While differences in height were 
not associated with differences in a b ility  in the urban population, 
in the rural sample, the shorter children were found to have lowered 
intersensory integrative a b il ity . The authors concluded that i t  was 
more lik e ly  that the inadequate intersensory integrative performance 
and low stature in the rural children were a result of malnutrition 
than that malnutrition (low stature) and poor intersensory development 
were independent results of general subcultural differences (Cravioto, 
1968).
Champakam, S rikan tia , and Gopolan (1968) studied 19 Indian c h il­
dren (8 to 11 years old) who had been rehabilitated from in fa n tile  
kwashiorkor, and found them to be in fe rio r to controls (matched for 
age, sex, re lig io n , caste, socio-economic status, and family size) 
on a number of psychological tests. The greatest differences were 
found in the areas of abstract and perceptual a b il it ie s , however, 
the differences between groups tended to decrease as the age of the
7
subjects increased.
Hansen, Freesemann, Moodie, and Evans (1971) tested 40 children 
who had a history of kwashiorkor (9 to 10 yeaks previously). Con­
tro ls  were siblings o f sim ilar age and only s lig h t differences were 
detected between experimental and control groups (New South African 
Individual Scale). However, while the controls did not exhibit the 
classical signs of kwashiorkor, i t  is probable that they suffered 
nutritional deficiencies sim ilar to th e ir ex-kwashiorkor siblings.
Monckeberg (1968) determined intelligence quotients for 14 
Chilean children, 3 to 6 years old at the time of testing, who were 
hospitalized fo r marasmus during the f i r s t  year o f l i f e .  The mean 
IQ of these children was found to be s ign ifican tly  below the average 
for Chilean preschool children of low socio-economic class. Moncke­
berg reported that the best development was usually in the personal- 
social area, while language was most retarded. He concluded that a l­
though nutritional conditions improved, malnutrition during the f i r s t  
months of l i f e  caused long term brain damage (a t least up to the sixth  
year of l i f e ) .  However, Monckeberg did not take into account the e f­
fects of social factors within the lower socio-economic groups, nor 
the effects of hospitalization on development.
Cabak and Najdanvic (1965) determined intelligence quotients 
for 36 Serbian children, 7 to 14 years old, who had experienced maras­
mus in early childhood. Only a mild degree of retardation was found, 
with half of the sample fa llin g  within the normal range for children 
in nearby communities. However, Cabak and Najdanvic apparently made 
no attempt to control fo r differences in family settings.
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Brockman and Ricciuti (1971) studied 20 Peruvian children (11.8- 
43.5 months old) hospitalized for severe PCM (marasmus). Nineteen 
controls were matched for age, sex, socio-economic status, and were 
selected from day care centers with conditions sim ilar to the rehabil­
ita tio n  center. The malnourished group was found to be in fe rio r to 
the control group on ten sorting tasks, and fa iled  to show improve­
ment following twelve weeks of rehab ilita tio n . The authors concluded 
that the lower sorting scores did not appear to be due to less fre ­
quent contact with the objects nor to a lack of in te res t, but rather 
to an in a b ility  to discriminate the s im ila rities  and differences among 
the objects. However, they cautioned that fa ilu re  to improve a fte r  
three months is not a su ffic ien t basis to in fe r permanent retarding 
effects.
Canosa, Salomon, and Klein (1972) have carried out two studies 
of fiv e  and six year old children recruited from a nutritional re­
hab ilita tion  day care center in rural Guatemala. In the f i r s t  study, 
20 children who had recovered from severe malnutrition were compared 
with a control group of 10 reportedly well-nourished children. The 
control group was selected from siblings of children who had attended 
the rehab ilita tion  center and was matched for fa ther's  occupation, 
parental education, liv in g  conditions, and family structure. The re­
habilitated children were found to be in fe rio r to controls on four 
psychological tests (memory for sentences, memory for d ig its , memory 
for incidental learning, and memory fo r intentional learning) which 
had in common the need fo r close attention and short term reca ll. 
(There were no differences between groups on two tests of matching.)
9
The experimenters fe l t  that rather than in te llectua l factors, the 
malnourished children were defic ient in e ither short term recall or 
motivation and attention.
The second study involved 11 well-nourished and 17 previously 
malnourished children selected on the same c r ite r ia  as in the pre­
ceding study. No differences between groups were found on memory 
for sentences, fo r d ig its , fo r incidental or intentional learning. 
However, the groups did d iffe r  on tests of memory fo r visual designs 
and a cube tapping te s t. I t  was suggested that these results reflected  
differences in attention or task concentration rather than differences 
in cognitive a b ility  or short term memory. Furthermore, since langu­
age development tests are sensitive to social class differences and 
since no differences in language development were found between ex­
perimental and control groups,it was f e l t  that the test differences 
could not be attributed to sampling bias, but that these differences 
were d irec tly  related to health and nutritional variables.
F ina lly , Cobos (1972) presented pairs of malnourished (mild and 
severe) and well-nourished siblings in the poverty areas of Bogata, 
Columbia, with a battery of psychological tests. Using a multiple  
regression technique, he found that even a fte r  social variables had 
been accounted fo r, nutritional factors had an impact on the psycho­
logical test scores. However, Cobos pointed out that a defin ite  
causal relationship had not been demonstrated since the e ffec t may 
have been mediated through an unknown mechanism, such as unexplored 
social factors.
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In summary, while human fie ld  studies of PCM are suggestive of 
a causal relationship between PCM and permanent psychological d e fic its ,  
many investigators feel that such a relationship has not been indis- 
putably demonstrated (Cravioto, DeLicardie, and Birch, 1966; Coursin, 
1967; Dobbing, 1968; Monckeberg, 1968; Frisch, 1970; Barnes, 1972;
Cobos, 1972; Klein, Habicht, and Yarbrough, 1972). The numerous fac­
tors which contribute to a subject's score on a psychological test 
have served as confounding variables in most studies. Often groups 
have been equated for general socio-economic status but factors within  
a socio-economic leve l, especially family s ta b ility  and mother-infant 
relationships, have not been assessed. These factors are perhaps best 
controlled by the use of paired siblings. However, without the use of 
longitudinal studies, i t  is d i f f ic u lt  to determine both the n u tri­
tional conditions experienced by the siblings during th e ir  c r it ic a l  
periods of development and the differences in family relations during 
those periods. Thus, Cobos (1972) has suggested that food deprivation 
early in development a lters  the mother-child interaction by in te r­
fering with the mother's a b ility  to satisfy  the basic needs of the 
child. He further maintained that the in a b ility  o f the family to 
protect the child from food deprivation implies some degree of impair­
ment of the function of the family which w ill a ffec t the ch ild 's  devel­
opmental processes. Further, reports based on studies of severe mal­
nutrition are lim ited since i t  is d i f f ic u lt  to assess the effects of 
hospitalization and separation trauma, and the contribution of in­
fectious diseases which often accompany m alnutrition. They are further 
lim ited by the ap p licab ility  o f th e ir  findings to the much more prevalent
11
cases of moderate PCM.
Animal research provides a unique opportunity to control fo r  
many of the variables that in terfere  with human PCM research. The 
experimenter is free to manipulate numerous factors in the social 
and physical environments of his subjects. He maintains control over 
the experimental d iets , and the age o f onset, duration, and severity  
of PCM imposed. With the use of litterm ates , genetic variation can 
be minimized. However, interpretations drawn from animal research 
are lim ited by the extent that human PCM disorders are mimicked in 
animals, by the lim ited behavioral repertoires of the animals, and 
in the extent that inferences can be made from the animal to the 
human condition.
Rats are widely used in PCM research because they are inexpen­
sive to acquire and maintain, and they develop rapid ly. However, i t  
is d i f f ic u lt  to produce a kwashiorkor-like syndrome in rats without 
forced feeding (Bradfield , 1968). Barnes, Moore, Reid, and Pond (1967) 
have been successful in producing a kwashiorkor-1ike syndrome with a 
high-calorie, low-protein d ie t. Protein defic ient rats are anemic 
and have fa tty  liv e rs , while calorie defic ient rats have near normal 
hemoglobin levels. Rats experiencing PCM are small for age, exhib it 
loss of muscle, and loss of appetite (Widdowson, 1968).
Rats that experience early PCM exhibit a number of behavioral 
abnormalities. They are in fe rio r tin th is paper, the use of the terms 
"in ferior" and "superior" re fe r only to re la tiv e  effic iency on a given 
task] on maze learning tasks (G riffith s  and Senter, 1954; Barnes, 
Cunnold, Zimmermann, Simmons, McLeod, and Krook, 1966; Barnes, 1968;
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Zimmermann and Wells, 1971; Wells, Geist, and Zimmermann, 1972). 
However, studies by Geist (1973) suggest that the in fe r io r  performance 
may be due to motivational factors. Variations in a c tiv ity  and ex­
ploratory behavior have also been reported as a consequence of early  
PCM (Lat, Widdowson, and McCance, 1960; Guthrie, 1968; Frankova and 
Barnes, 1968a; Barnes, 1968), perhaps indicating variations in emo­
tio n a lity  and over-sensitiv ity  to the environment in malnourished 
rats. ThuSj Levitsky and Barnes (1970) noted greater m obility in an 
open f ie ld  by previously malnourished rats and greater percentage re­
duction in m obility following a loud noise. In addition, decreased 
exploratory a c tiv ity  has been reported in malnourished rats in the 
presence of novel objects (Zimmermann and Zimmermann, 1972). An in ­
creased emotionality has been reported in a shock avoidance paradigm, 
where rehabilitated rats acquired the conditioned avoidance response 
at the same rate as controls, but were delayed in adapting to extinc­
tion (Frankova and Barnes, 1968b), and increased response rates have 
been found in a Sidman avoidance paradigm (Barnes, 1972). F ina lly , 
Frankova (1973) has reported that during suckling, malnourished rats 
are more dependent on th e ir mothers, show no social grooming, and are 
more aggressive. When la te r  tested in the presence of a partner, low 
protein rats responded with inhibited exploratory a c tiv ity  and with­
drawal, while th e ir  high protein controls showed increased ac tiv ity  
and approach behaviors.
In recent years, a number of s im ila rities  between the effects  
of early PCM and early environmental iso lation , such as increased 
emotionality, physiological effects on growth and development, and
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the existence of c r it ic a l periods early in development leading to 
long term behavioral e ffec ts , have been noted and have led to the 
suggestion that they may a ffec t behavior through the same mechanism 
(Levitsky and Barnes, 1973). This s im ila rity  has led several invest­
igators to engage in research concerned with the combined effects of 
PCM and early experience. Frankova (1968) sought to determine the 
extent to which the effects of early PCM could be altered by environ­
mental stimulation. The dietary manipulation involved raising infant 
rats in l i t te r s  of 4, 9, 13, or 17 animals. Half of the l i t te r s  re­
ceived stimulation (handling) while ha lf were undisturbed for the 
f i r s t  90 days of l i f e .  Between 90 and 110 days, the general level 
of ac tiv ity  was Tow in the unstimulated groups, declining as l i t t e r  
size increased, while stimulation caused the greatest a c tiv ity  in 
l i t te r s  of 9 and 13. Thus, the effect of early dietary restric tion  
on the a c tiv ity  o f adult rats was appreciably modified by early  
stimulation.
Levitsky and Barnes (1972) extended th e ir studies of nutritional 
and environmental interactions to include rats that were isolated at 
weaning. High and low protein groups were produced by feeding mother 
rats e ither high or low protein diets while nursing and continuing 
the pups oh those diets fo r four weeks a fte r weaning, followed by ten 
weeks of control diets. Early experience was varied by creating nor­
mal, stimulated or isolated environments for the pups. While the en­
vironmental conditions had no effect on rate of growth, differences 
between groups were found on number of behavioral measures. S ignif­
icant increases in a c tiv ity  in an open fie ld  were found in isolated
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and malnourished groups, along with a s ign ificant interaction e ffe c t. 
While no differences were noted in social behavior in the w ell- 
nourished rats , stimulated malnourished rats made more following 
responses and more fighting responses than malnourished isolates. 
F inally , while there was no effec t of early malnutrition with stimu­
lation in tendency to explore a new environment, the interaction of 
malnutrition and isolation produced a large decrement in exploratory 
behavior. In summary, with the exception of fighting , whatever 
effec t was produced by early malnutrition was exaggerated by iso­
lation . S im ilarly , Wells, Geist, and Zimmermann (1972) found the 
greatest number of errors in maze performance when rats were simul­
taneously subjected to both dietary and environmental deprivation.
In many ways, the results from studies of early PCM in pigs 
have paralleled the findings in rats . Malnourished pigs display low 
serum proteins, fa tty  l iv e r , edema, low weight, and decreased food 
consumption (P la tt , 1968; Barnes, 1968; Barnes, Reid, Pond, and 
Moore, 1968). They are more emotional (Barnes, Moore, and Pond,
1970), exhib it decreased exploratory a c tiv ity  and in fe rio r shuttle 
box escape avoidance (Barnes, Moore, Reid and Pond, 1968; Barnes,
1968). While there are no differences between PCM and Control ani­
mals in the acquisition of a conditioned response, low protein pigs 
are more resistant to extinction (Barnes, 1967, 1968; Barnes, Moore, 
Reid, and Pond, 1967). They have been found to be in fe rio r in the 
acquisition and extinction of a conditioned avoidance response (Barnes, 
Moore, and Pond, 1970), and were in fe r io r  and more emotional in a 
self-shaping procedure (Barnes, Moore, Reid, and Pond, 1968; Barnes,
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Reid and Pond,. and Moore, 1968)
While behavioral de fic its  have been demonstrated in rats and 
pigs as the result of early PCM, there is some question as to the 
va lid ity  of extrapolation of experimental findings from lower ani­
mals to humans. However, data derived from two species o f the same 
taxonomic order is often comparable (Kerr and Waisman, 1968), and 
has certain ly been a factor in the choice of primates for behavioral 
research. Rhesus monkeys have been subjected to a variety of learning 
tasks and the ontogenetic development of th e ir learning a b ilit ie s  de­
lineated (Zimmermann and Torrey, 1965). Maximum in te llectual improve­
ment is hot obtained prior to sexual maturity (Zimmermann and Torrey, 
1965) and i t  has been suggested that learning is probably involved in 
the organization of th e ir  social behavior (Mason, 1961). In addition, 
th e ir slow growth and development makes possible long periods of ob­
servation in the laboratory, permitting experimental research during 
the period of nutritional deprivation.
While several investigators fa iled  to obtain the classical 
signs of kwashiorkor in rhesus monkeys subjected to early protein 
restric tion  (Kerr and Waisman, 1968; Ordy, Samorajski, Zimmermann, 
and Rady, 1966), such signs have been reported as a result of tube 
feeding techniques (Deo, Sood, Ramalingaswami, 1965; Ramalingaswami 
^nd Deo, 1968). Physiologically, the rhesus monkey responds to pro­
tein deficiency with decreased weight gain, decreased levels of total 
serum protein, serum albumin, serum cholesterol, fa tty  l iv e r , and 
atrophy of the gastrointestinal trac t (Ordy,Samorajski, Zimmermann, 
and Rady, 1966; Ramalingaswami and Deo, 1968; Geist, Zimmermann, and
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Strobel, 1972).
Rhesus monkeys subjected to low protein diets exhibit a number 
of behavioral abnormalities. Kerr and Waisman (1968) characterized 
such monkeys as inactive, retarded in social development, and showing 
l i t t l e  in terest in th e ir surroundings. While Hillman and Riopelle 
(1971) reported that adult rhesus monkeys deprived o f protein did 
not demonstrate a preference for high protein foods, Peregoy, Zimmer­
mann, and Strobel (1972) found that low protein monkeys were able to 
discriminate between high and low protein diets and preferred high 
protein foods. However, Pettus, Geist, and Schultz (1974) determined 
that this preference did not persist following rehab ilita tio n . While 
Geist, Zimmermann, and Strobel (1972) found no differences in ac tiv ity  
levels between high and low protein monkeys, low protein monkeys have 
been shown to display decrements in curiosity and manipulative re ­
sponses in chain pulling (Zimmermann and Strobel, 1969; Strobel and 
Zimmermann, 1972), and in puzzle solving tasks (Strobel and Zimmer­
mann, 1971) when compared with controls. However, with the in tro ­
duction of food reward, low protein animals manipulated the puzzle 
at least as much as high protein animals and showed sharper declines 
in responding during extinction (Aakre, Strobel, Zimmermann, and 
Geist, 1973). Thus, i t  appears that low protein monkeys have higher 
levels of food motivation, and therefore are more sensitive to the 
absence or presence of food. Greater in terest in food than objects 
has been reported by Peregoy, Zimmermann, and Strobel (1972). Wise, 
Zimmermann, and Strobel (1973) and Wise and Zimmermann (1973b) found 
that in food competition measures o f social dominance, low protein
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monkeys were superior to controls. In addition, Wise and Zimmermann 
(1973a) found low protein monkeys to have lower shock threshold than 
normal monkeys.
The reaction of low protein monkeys to objects has also been 
investigated. Peregoy, Zimmermann, and Strobel (1972) demonstrated 
that high protein animals accepted a greater number of toys than 
low protein animals, but Pettus, Geist, and Schultz (1974) found that 
this effect did not persist following rehab ilita tio n . Zimmermann, 
Strobel, and Maguire (1970) found that while low protein monkeys 
were superior to controls on a learning set task with fam ilia r ob­
jec ts , when new stimuli were introduced, they became highly emotional 
and tended to avoid the novel stim uli. S im ilarly , Strobel and Zimmer­
mann (1972) found that the introduction o f novel objects in a free 
operant chain manipulation situation led to decreased rates of manip­
ulation in low protein monkeys, while high protein controls showed 
increased performance. F ina lly , Strobel (1972) found that high pro­
tein monkeys trained to shuttle to the top of a vertical tunnel, made 
more responses when novel stimuli were suspended from the top of the 
apparatus, while the low protein groups showed a decrement in response 
to objects. Furthermore, in a study of d isinh ibition of delay, low 
protein animals d iffered from controls by displaying increased re­
sponsiveness in the presence of novel stim uli.
The behavior of low protein monkeys in social situations has 
also been investigated. Zimmermann and Strobel (1969) found that 
low protein monkeys behaved apathetically toward other monkeys and 
showed a predominance of self-d irected a c tiv itie s . In addition,
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Zimmermann, Steere, Strobel, and Horn (1972) noted that low protein 
animals engaged in less sexual behavior, less play and less grooming 
than high protein controls. They were characterized as aggressive 
and displaying a lack of reciprocal responsiveness in social situa­
tions. Furthermore, studies of social dominance suggest an insta­
b i l i ty  of dominance relationships among low protein animals. Thus, 
while they are less dominant than controls in a shock avoidance 
paradigm (Wise and Zimmermann, 1973b) and in aggressive interactions 
in the social room (Wise, Zimmermann, and Strobel, 1973), they be­
come more dominant in food competition situations (Wise and Zinuier- 
marnij 1973b; Wise, Zimmermann, and Strobel, 1973).
High and low protein monkeys have been tested on a variety of 
learning tasks in an e ffo rt to determine the effects of PCM on mental 
development. Zimmermann (1973) found no differences on an object 
discrimination task or on reversal learning for a group of year old 
monkeys tested before and one month a fte r being placed on low protein 
diets. In addition; using monkeys subjected to early PCM, no d if fe r ­
ences between high and low protein groups were found in learning set 
formation, both fo r oddity (Zimmermann, Geist, and Strobel, 1973) 
and for object discrimination learning (S toffer and Zimmermann, 1973). 
When low protein animals were tested on 100 6 - tr ia l problems of ob­
je c t discrimination learning set with six repetitions, low protein 
animals were found to be superior to high protein controls on both 
performance on the f i r s t  t r ia l  of every problem, a measure of long 
term memory, and on the remaining t r ia ls ,  a measure of learning set 
formation. However, the differences between groups disappeared
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following rehab ilita tion  (Zimmermann, 1969b). Similar results were 
obtained by Zimmermann, Strobel, and Maguire (1970). High and low 
protein groups were also tested on delayed response, which is con­
sidered to be a measure of short term memory, and no significant 
differences were found (Zimmermann, Geist, Strobel, and Cleveland, 
1973). In summary, protein malnutrition was not found to effect 
test performance on delayed response, object discrimination, rever­
sal learning, learning set (object and oddity), or long and short 
term memory.
However, low protein animals have been found to be in fe rio r  
on other tasks. Zimmermann (1973) tested high and low protein groups 
of monkeys on object discrimination and reversal learning in which 
the objects were mounted on masonite plaques to produce a stimulus- 
response discontinuity. Such discontinuity makes discrimination 
problems more d i f f ic u lt  fo r rhesus monkeys to learn. While there 
were no differences between groups in learning the discriminations, 
the low protein group was found to be in fe rio r to controls on the 
reversal learning task, a task which d ifferen tia tes  the learning 
capacities of higher primates (Rumbaugh and Pournelle, 1966). Thus, 
although Zimmermann found no differences in reversal learning when 
the monkeys touched the objects, low protein monkeys were in fe rio r  
on the same task with stimulus-response discontinuity.
In another experiment designed to investigate the effects of 
stimulus response discontinuity, both the location and size of the 
discriminative stimulus were varied in a learning set paradigm.
The discriminative cue occupied e ither the center or periphery of a
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grey plaque and varied in to tal area from 5% to 100% of the plaque.
Thus, in the case of central cues, as the size o f the cue decreased, 
the discontinuity between where the monkey placed his fingers and the 
locus of the cue increased. While the high and low protein groups 
did not d if fe r  in the a b ility  to learn the original problem, the low 
protein animals were in fe r io r on the reversal problems as the area 
of the central cue decreased (Strobel, 1972; Strobel, Geist, Zimmer­
mann, and Lindvig, 1974). -
Stimulus-response discontinuity was investigated in two further 
studies (Strobel, 1972). The conditional learning paradigm involved 
the placement of a card containing either a square or a triangle be­
tween two identical plaques which covered the food wells. The 
square or triangle indicated the position of the food reward on any 
given t r ia l .  The low protein groups were found to be s ign ifican tly  
in fe rio r to the control groups in learning th is task. The hidden 
and.embedded figures experiment involved teaching the monkeys to 
discriminate between a square and a triangle and then testing them 
on transfer of train ing to the hidden and embedded figures problems.
While the high protein groups scored in ita l ly  superior and improved 
across t r ia ls ,  the low protein animals did not respond s ign ifican tly  
above chance.
F ina lly , the high and low protein monkeys were tested on a 
patterned strings task. This can be described as a reward-directed 
task since the reward is v is ib le , attached to the fa r end of one 
string. In both the paralle l and pseudocrossed patterns, the monkey 
can obtain the reward by pulling the string nearest to the reinforcement,
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and no differences were found between high and low protein groups. 
However, on the crossed pattern, the monkey must select the string  
opposite the reinforcement. Thus, the crossed pattern created spatial 
discontinuity between the response locus and the reinforcement, and 
on this pattern, low protein animals were found to be much in fe rio r  
to th e ir high protein controls (Zimmermann, Geist, and Strobel, 1973; 
Zimmermann, Geist, Strobel, and Cleveland, 1973).
In summary, while there are a number of learning and perceptual 
tasks in which low protein monkeys perform as well as controls, they 
have displayed in fe rio r performance on a group of tests involving a 
discontinuity between stimulus and response, such as object reversal 
with objects mounted on plaques, central stimulus reversal learning, 
conditional discrimination learning, and embedded and hidden figures 
discrimination, or a discontinuity between response and reinforcement 
(patterned strings, crossed pattern). These tasks have in common the 
need for an a b ility  to localize  and select c r it ic a l cues from the 
environment, i . e . ,  they make increased demands on the attentional 
processes of the organism.
The suggestion that protein malnourished animals may suffer 
from attentional deficiencies, receives support from a study of human 
PCM by Klein, G ilbert, Canosa, and DeLeon (1969). While they found 
no differences in discrimination learning between children who suf­
fered early PCM and controls, malnourished children were found to be 
in fe rio r on tasks which made increased demands on th e ir  attentional 
processes, such as rapid tapping or embedded figures. Since these 
children could perform adequately when the tapping sequence was slowed
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down and could solve embedded figures problems once the embedded 
figure was pointed out, the deficiency can be considered attentional 
rather than one o f mental capacity per se.
In summary, the high incidence of protein-calorie malnutrition  
throughout the world has led many investigators to study the long 
term effects of nutritional deprivation. In a series of animal and 
human studies, PCM early in development has been shown to result in 
a number of structural changes within the central nervous system.
In addition, numerous human fie ld  studies o f early PCM have suggested 
a causal relationship between PCM and long term psychological d e fic its . 
However, there are a number of uncontrolled variables in such human 
f ie ld  Studies, mostly socio-economic factors, which have tended to 
confound studies of nutritional deprivation with environmental dep­
rivation . Consequently, there have been a series of studies involving 
rats and pigs which have demonstrated behavioral de fic its  and abnorm­
a lit ie s  as a resu lt of early nutritional deprivation, as well as 
interactions between nutritional and environmental deprivation, but 
such studies are lim ited to the extent.that inferences can be drawn 
to the human condition. As a compromise between experimental control 
over nutritional and environmental variables and the va lid ity  of 
extrapolation to the human condition, rhesus monkeys have been selected 
for PCM research.
Malnourished monkeys have been observed during the period of 
nutritional deprivation and have displayed a variety o f abnormal 
behaviors. They are highly emotional, tend to avoid novel s tim u li, 
and th e ir behavior in social situations resembles that of isolated monkeys.
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However, in a variety of learning tasks, including many rather 
d if f ic u lt  discriminations {such as learning s e t), malnourished mon­
keys have performed as well as controls. The only discrimination 
tasks which have demonstrated defic ient performance by low protein 
monkeys have involved stimulus-response discontinuity and have been 
interpreted as indicating an attentional d e fic it  in protein malnour­
ished monkeys. I f  low protein monkeys display in fe rio r performance 
on tasks which require the a b ility  to localize and select c r it ic a l  
cues from the environment, then they may also experience d iff ic u lty  
when confronted with tasks in which the c r it ic a l cue is not even 
present in the external environment. Delayed alternation is such 
a task, that i s , in delayed alternation the c r it ic a l cue as to the 
correct response is the animal's response on the preceding problem. 
Thus, the purpose of.the present experiment is to determine i f  pro­
tein malnourished monkeys perform d iffe re n tly  than controls on de­
layed alternation , a task which requires them to,attend to th e ir own 
past behavior.
Rationale
I t  has been suggested that the in fe rio r performance of low 
protein monkeys on tasks involving stimulus-response discontinuity 
may be due to an attentional deficiency (Strobel, 1972; Strobel, 
Geist, Zimmermann, and Lindvig, 1974). In the various experimental 
procedures employed to demonstrate this defect, the c r it ic a l cue has 
been present in the environment and the protein malnourished animal 
has been interpreted as fa ilin g  to locate or select the appropriate
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cue. Spatial delayed alternation provides another method for separ­
ating the c r it ic a l cue from the response locus since in the case of 
delayed a lternation , the cue to alternate comes from inside the ani­
mal (French, 1965). ‘By using a correction procedure, whereby each 
t r ia l  is rerun until the animal makes the correct response, the 
adoption of a simple "sh ift" strategy is adequate for solution of 
the problem. In this case, the c r it ic a l cue becomes the animal's 
las t response, fo r instance, i f  his las t response was to the le f t ,  
the next response should be to the rig h t. Thus, such a task re­
quires only that the animal adopt a s h ift strategy in reference to 
his preceding response. I f  the malnourished monkey is fixated on 
the locus of response, as suggested by the stimulus-response dis­
continuity experiments, then he should prove in fe rio r on a delayed 
alternation task. Assuming that problems with longer delays make 
increased attentional demands on the animal, then the performance 
of low protein monkeys can be expected to drop re la tiv e ly  more 
rapidly than that o f high protein monkeys as the length of the delay 
interval increases. In addition, since no differences between high 
and low protein monkeys have been found on the delayed response task 
(Zimmermann, Geist, Strobel, and Cleveland, 1973),in which the c r i t i ­
ca l, reinforced cue is given by the experimenter, defic ient perfor­
mance by low protein monkeys on delayed alternation cannot be in te r­
preted as due simply to defective short term memory.
In addition to expecting in fe rio r performance on the delayed 
alternation task by low protein monkeys, a sim ilar e ffec t may be 
anticipated with respect to environmental deprivation. Several
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investigators have noted sim ilarities between protein malnourished 
animals and those subjected to early environmental deprivation 
(Zimmermann, Steere, Strobel, and Horn, 1972; Levitsky and Barnes,
1972, 1973). Mason (1968) has characterized monkeys deprived of 
early social experience as displaying abnormal postures and move­
ments, poor integration of motor patterns, defective social com­
munication, and motivational disturbances, including increased emo­
tionality  and excessive fearfulness. Zimmermann, Steere, Strobel, 
and Horn (1972), noting similar abnormalities in malnourished monkeys, 
have suggested that since low protein monkeys tend to be neophobic 
and avoid social interaction, they may suffer from self-imposed 
stimulus deprivation and perhaps can be considered functional social 
isolates. Similarly, Levitsky and Barnes (1972) have proposed two 
mechanisms in an effort to account for the behavioral effects of 
malnutrition, i .e . ,  that malnutrition may change an animal's experi­
ence or perception of the environment, rendering him less capable 
of receiving or integrating environmental information; or malnutrition 
may produce behavior, such as extreme food orientation, that is in­
compatible with the incorporation of environmental information.
Such models suggest that the same or very similar mechanisms may be 
involved in producing the behavioral abnormalities seen with early 
malnutrition and early environmental deprivation. I f  this is the 
case, malnutrition and environmental deprivation can be expected to 
interact in producing their behavioral effects. In order to test 
such a model, - diet and environmental stimulation should be varied 
in a factoria lly  designed experiment.
26
Finally , Strobel (1972) and Strobel, Geist, Zimmermann, and 
Lindvig (1974) reported that the various reinforcers used with low 
protein monkeys and s lig h tly  deprived high protein monkeys (raisins  
or high protein d ie t fo r high protein monkeys and sugar coated cereal 
for low protein monkeys) have equal incentive value. Assuming that 
response rate is d ire c tly  related to food motivation, no significant 
differences in response latency between d iet groups are expected.
CHAPTER I I
METHOD
Subjects and Nutritional Treatment
Twelve laboratory-born rhesus macaques (Macaca mulatta) were 
housed individually with th e ir  mothers for the f i r s t  90 days of l i f e  
in wire cages measuring 76.2 x 76.2 x 76.2 cm. The animals were then 
separated and placed individually  into 47.0 x 61.0 x 48.3 cm wire 
cages. During the f i r s t  day post separation, the infant monkeys were 
maintained on milk formula d ie t (Blomquist and Harlow, 1961), pro­
vided every two to four hours. On subsequent days, bottles of formula 
were placed in bottle holders on a wire ramp and given to the infants 
ad libitum  in th e ir  home cages. By 120 days o f age a ll animals were 
weaned to solid food which contained 25% casein by weight as the sole 
source of dietary protein, according to procedures detailed by Zimmer­
mann (1969a).
Three additional in fant rhesus monkeys were reared from birth  
with th e ir  mothers in group liv ing  cages a t the Davis Regional Primate 
Research Center. At 112 days of age, the animals were separated from 
th e ir mothers, shipped by a ir  to the laboratory, and were received 
the same day. The monkeys were immediately housed in individual wire 
cages identical to those of the laboratory-born infants and placed on 
the same milk formula d ie t. Weaning to solid food containing 25% protein
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was completed by 120 days of age for a ll  animals.
A fourth infant macaque was reared from birth  to 141 days of 
age with its  mother in an individual cage at the Davis Regional 
Primate Research Center. At this time the animal was separated from 
its  mother and shipped by a ir  to the laboratory. The infant monkey 
was immediately housed in an wire cage identical to those described 
above. Being past the age at which milk is required during weaning, 
the animal was provided with the 25% protein d ie t.
At 120 days of age, one group of animals (LP-SOC), comprised 
of one laboratory-born female and three males from the Davis colony, 
was placed in a 146.1 x 71.8 x 182.9 cm cage and was provided with 
continuous social enrichment in the form of group liv in g . The animals 
were provided with a low protein d iet containing 3.5% casein by weight 
(3.3% of ca lories), but isocaloric with respect .to the 25% high pro­
tein d ie t (23.6% of calories supplied by casein). A control group 
of socially enriched laboratory-born monkeys (HP-SOC), consisting of 
two males and two females, was placed in a group liv ing  cage identical 
to that o f the LP-SOC group at 120 days of age and was maintained on 
the 25% protein d ie t given during weaning. A th ird  group of labora­
tory-born rhesus monkeys (LP-ISO), comprised of one female and three 
males, was housed in individual wire cages measuring 76.2 x 76.2 x 
76.2 cm and maintained under this condition of partia l social iso la­
tion beginning at 120 days of age. The animals were given an id e n ti­
cal 3.5% low protein d iet as that o f the LP-SOC group. A control 
group (HP-ISO) of three laboratory-born monkeys and one infant from 
the Davis colony which had been reared individually with its  mother,
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consisting of one female and three males, was provided with identical 
conditions of partia l social isolation as that of the LP-ISO group.
At 120 days of age, however, the animals were maintained on the 25% 
high protein d ie t. At the time o f testing, a ll  animals were between 
two and four years of age. For convenience, each group w ill be re­
ferred to by e ither the low protein or high protein d ie t, as well as 
by the environmental rearing conditions, i . e . ,  LP-SOC, HP-SOC, LP- 
ISO, and HP-ISO groups. Details o f the composition and preparation 
of the various d iets , as well as the ad libitum  feeding procedure, 
are presented in Geist, Zimmermann, and Strobel (1972).
Experimental Histories
The LP-ISO group was tested on a variety of curiosity and manipu­
lation tasks including chain pulling (Strobel and Zimmermann, 1972), 
home cage a c tiv ity  (Geist, Zimmermann, and Strobel, 1972), and puzzle 
solving (Strobel and Zimmermann, 1971). In addition, a ll groups were 
tested for food competition dominance (Wise, Zimmermann, and Strobel, 
1973; Wise and Ziranermann, 1973b), food preferences (Peregoy, Zimmer­
mann, and Strobel, 1972), competitive and social dominance (Wise and 
Zimmermann, 1973b; Wise, Ziranermann, and Strobel, 1973), and visual 
exploration (Ziranermann and Strobel, 1969). The animals received 
minimal experience in the Wisconsin General Test Apparatus (WGTA) 
consisting of shaping and 50 problems of learning set. Social ex­
perience was provided to a ll monkeys two to four times each week in 
a 243.8 x 228.6 x 203.2 cm playroom with animals of equivalent age 
and d iet conditions. Whereas the LP-SOC and HP-SOC groups began social
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experience at 120 days of age, such experience was delayed in the 
LP-ISO and HP-ISO groups until 485 days of age in order to maximize 
the effects of early partia l social iso lation.
Apparatus
Delayed alternation problems were presented in a WGTA which 
consisted of a cage, form board, and table. The form board was a 
38. l x  22.9 cm tray on wheels with food wells located 26.7 cm apart.
The tray moved along a track, the length of the 66.0 x 70.5 cm table. 
Animals placed in the cage were separated from the form board and 
table by means of vertica l iron bars and a movable opaque partition  
of Masonite. In order to measure the response latency of each animal,, 
a pair of photocells was located 3.8 cm from the p a rtitio n  and at a 
height of 5.1 cm. The photocells were connected to a photorelay and 
then to a Hunter timer. Moving the form board to within 3.8 cm of 
the animal activated the timer, and following each response, removing 
the tray from within reach of the animal terminated the latency measure­
ment operation. A one-way viewing screen masked the experimenter from 
view at the other end of the table. The stimuli were identical pairs 
of 8.9 x 8.9 cm wooden blocks painted "smoke" grey. Reinforcements 
were sugar-coated pieces of cereal fo r the low protein animals and 
raisins or pieces o f the 25% protein d ie t fo r'th e  high protein monkeys. 
These d iffe re n tia l reinforcers have previously been found to have 
nearly the equivalent incentive value for the d iffe ren t d ie t groups 
previously tested in the WGTA (Strobel, 1972; Strobel, Geist, Zimmer­
mann, and Lindvig, 1974).
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Procedure
Pretraininq. Because of the minimal experience of a ll animals 
with the procedures employed in testing in the WGTA, pretraining was 
essential, both to fam ilia rize  each monkey to the WGTA i ts e l f ,  and 
to acquaint the animals with the operations involved in responding 
and with the stimulus objects. Pretraining followed the paradigm of 
delayed response, a lb e it with only a single zero second delay period. 
Each animal was given 36 tr ia ls  per day un til a crite rion  of 32 correct 
responses was achieved fo r two consecutive days. A t r ia l  consisted of 
a single presentation of a stimulus pair and one object was reinforced 
on each t r ia l .  With the opaque partitio n  raised allowing the animal 
fu ll view of the stimulus objects, a reinforcement was placed by the 
experimenter in one food well and covered by the correct member of 
the pa ir, while the incorrect member of the pair covered the empty 
food w ell. A t r ia l  was begun immediately by moving the form board 
within reach of the animal and allowing the response of pushing aside 
one of the stimulus objects. However, in order to maintain the con­
cept of a discrete t r ia l  in which only one response is contained within  
a given t r ia l  (French, 1965), a t r ia l  was concluded a fte r  a single 
response regardless of whether or not i t  was correct. A t r ia l  was 
concluded when the form board was removed from within reach o f the 
monkey and the opaque partitio n  was lowered following the response.
The position of the reinforcement was randomized according to a 
modified Gellermann series (Lester, 1966).
Spatial delayed a lternation . Each animal was presented with 
36 delayed alternation problems each day. Six problems were presented
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for each delay interval of 10, 20, 30, 40, 50, and 60 seconds com­
prising the daily  testing session. A problem consisted of multiple 
presentations of the stimulus pair ( t r ia ls )  employed during pretrain­
ing until the correct stimulus member was selected and a food rein­
forcement was obtained. The experimenter placed a reinforcement 
into both food wells underlying the stimulus pair on the f i r s t  pres­
entation of the objects for each delay in terva l. The opaque p a rti­
tion was lowered to prevent the animal from viewing the process of 
reinforcement placement. The f i r s t  presentation of the stimuli was 
in itia te d  by raising the partitio n  and moving the form board within 
reach of the monkey. The animal, being presented with two identical 
objects, responded to a preferred side by pushing aside a member of 
the stimulus pair. Since both objects covered reinforcement, the 
animal always secured a reward. On the second and remaining fiv e  
problems for each delay in terva l, the correct stimulus object (cover­
ing reinforcement) alternated systematically from side to side. Thus, 
i f  on problem n, in which both objects covered reinforcement, the 
animal selected reinforcement from the right member of the stimulus 
pair, the correct member on problem n + 1 to problem n + 5 was le f t ,  
righ t, le f t ,  r ig h t, le f t ,  respectively. Conversely, i f  an animal 
selected reinforcement from the le f t  stimulus object on problem n, 
the correct object on problem n+1 to problem n + 5 was rig h t, le f t ,  
rig h t, le f t ,  righ t, respectively. However, a given problem did not 
necessarily contain only one response ( t r ia l ) .  For, i f  on problems 
n + 1 to n + 5 an incorrect response was made by the animal, repeated 
presentations of the stimulus pair were given, with reinforcement
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remaining on the unchosen side, until a correct response was obtained 
and reinforcement was secured. Hence, in following such a correctional 
procedure, each problem terminated in a correct response, a fte r which 
alternation was resumed (French, 1965). A given presentation of the 
stimulus pair was concluded when the opaque partition  was lowered 
following a response by the animal. A ll delay intervals were presented 
each day for six problems and were ordered across six days according 
to a six by six Latin Square design for each of the animals. The 
present investigation of spatial delayed alternation continued for 
at least 35 days for each of the groups and until evidence for s ta b il­
ity  of performance was demonstrated by means of a cu rve-fittin g  pro­
cedure.
CHAPTER I I I
RESULTS
Daily percent correct responses (100 times the number o f correct 
responses divided by the sum of the correct and incorrect responses) 
were calculated for each animal and were averaged across days and 
animals to produce 5 day block means fo r each group. Beginning 30 
days following the onset of spatial delayed alternation testing, a 
curve f i t t in g  procedure was in itia te d  in order to determine i f  s ta b il­
ity  of performance had been attained. The procedure involved pre­
diction of the next 5 day block mean by way of extrapolation from 
the best parabolic f i t  of a ll  existing data. Groups were tested un­
t i l  such a time as the obtained 5 day block mean value was greater 
than or equal to the predicted value and less than or equal to the 
absolute average deviation between the previously obtained values 
and the best parabolic f i t  o f those scores. The HP-SOC and LP-SOC 
groups were tested for 45 days and HP-ISO and LP-ISO groups were 
tested fo r 35 days.
Figure 1 presents a summary of percent correct responses across 
5 day blocks fo r a ll groups. From Figure 1, i t  is  evident that while 
a ll groups improved across tr ia ls  (5 day blocks), they progressed at 
d iffe ren t rates. Thus, while the HP-SOC group was in i t ia l ly  in fe rio r  
to the LP-SOC group, i t  rapidly improved and soon surpassed the
34
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Figure 1. Performance across 5 day block tr ia ls  
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LP-SOC group. Similarly, the HP-ISO group, though in it ia lly  in ferior, 
quickly surpassed .the LP-ISO group. (The dip in performance during 
the testing of the isolate groups at 5 day block number 5 occurred in 
conjunction with the introduction of a new experimenter.) Addition­
a lly , i t  is evident that the performance of the social groups was 
consistently inferior to that of the isolate groups.
A 2 x 2 x 6 x 7 fixed effect analysis of variance (n = 4) was 
performed on the percent correct response data. As such, the analysis 
was composed of two diets (high and low protein), two environments 
(social and isolate), six delay intervals (10, 20, 30, 40, 50, and 
60 seconds), and seven, 5 day blocks (the maximum number of blocks 
for which a ll groups were tested). A summary of this analysis of 
variance is presented in Table 1 of Appendix A.
As a result of this analysis of variance, the main effect of 
environment was found to be significant (p < .01). The overall mean 
percent corrent for the social groups was 57.4 while that for the iso­
late groups was 68.0 (Table 1). The main effect for diet was in the 
expected direction, 64.9% correct for the high protein groups as op­
posed to 60.5% correct for the low protein groups. However, i t  failed  
to reach significance (p = .091). The effect of diet x environment 
was not significant.
Performance for a ll groups combined improved across 5 day block 
tr ia ls  (p < .001) (Figure 2). The environment x 5 day block tria ls  
interaction was also significant (p < .01) as seen in Figure 3. Thus, 
while both social and isolate groups in it ia lly  responded at near 
chance levels, the isolate groups improved more rapidly than the
37
Table 1 
Main Effects
GROUP
PERCENT CORRECT 
ALL RESPONSES
PERCENT CORRECT 
FIRST RESPONSES
Social 57.4 51.1
Isolate 68.0 60.9
High Protein 64.9 58.5
Low Protein 60.5 53.4
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Figure 2. Performance across 5 day block t r ia ls  (averaged fo r
a l l  groups)
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Figure 3. Performance across 5 day block t r ia ls  (soc ia l
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social groups and maintained th e ir  superiority across blocks. Addi-
'  c '
tio n a lly , the d ie t x 5 day block tr ia ls  interaction was also s ig n if­
icant (p < .001). Thus, while the low protein groups in i t ia l ly  per­
formed s lig h tly  better than the high protein groups, the high protein 
groups rapidly surpassed the low protein groups and continued to im­
prove th e ir performance at a faster rate (Figure 4 ). The d ie t x 
environment x 5 day block t r ia ls  interactions was not found to be 
significant.
In addition, a s ign ifican t e ffec t (p < .05) due to length of 
the delay interval was found such that performance decreased s lig h tly  
from short to long delay intervals (Figure 5 ). F in a lly , the d ie t x 
delay interaction was sign ifican t (p < .01 ). Thus, in Figure 6 i t  
can be seen that high protein groups performed better than low protein 
groups on the short delay intervals but this difference between groups 
disappeared a t the longer delay in tervals. None of the other in te r ­
actions were found to be s ign ifican t.
Although the soda! and isolate groups were tested fo r an un­
equal number of days (45 and 35 days, respectively), the above analysis 
of variance was based on only 35 days of data, i . e . , the maximum number 
o f days for which both groups were tested. Since the social groups were 
tested for 45 days, additional information is contained in an analysis 
of variance for the social groups based on 45 days of data. A summary 
of this analysis of variance is contained in Table 2 of Appendix A and 
for comparison an analysis of variance based on only the isolate groups 
is contained in Table 3 of Appendix A. The results from these analyses 
generally follow the same trend as found with the overall analysis of
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Figure 4. Performance across 5 day block t r ia ls
(high p ro te in  versus low p ro te in )
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Figure 5. Performance across delay (averaged fo r  a l l  groups)
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variance based on a ll four groups (Table 1 of Appendix A). However, 
in the analysis based on only the social groups, the d iet main effects  
reaches significance (p < .05) ,  such that HP-SOC animals obtained a 
mean of 63.9% correct while the LP-SOC group averaged only 56.1% 
correct. The effects of performance across 5 day blocks and the d iet 
x 5 day block interaction follow the same pattern as in the overall 
analysis of variance, however, the d ie t x 5 day block interaction  
reaches significance only in the social groups comparison (p < .001). 
Sim ilarly , the delay and the d ie t x delay effects follow the,same 
pattern as in the combined analysis but reach significance only for 
the isolate groups (p < .05).
The above analyses considered percent correct based on a ll the 
responses an animal made to a given problem, including correction 
t r ia ls . I t  is also possible to analyze the percent correct data as 
a function of the in i t ia l  response to a given problem. Such a pro­
cedure excludes a ll  correction tr ia ls  from the analysis and considers 
an animal's performance on a given problem to be correct or incorrect 
on the basis, of his f i r s t  response to that problem. The summary for 
such an analysis of variance based on f i r s t  responses only is pre­
sented in Table 4 of Appendix A. In general, the results appear very 
sim ilar to the analysis contained in Table 1 of Appendix A, with the 
exception that the effects due to delay and to d ie t x delay fa i l  to 
reach significance.
The main e ffec t o f environment was found to be significant 
(p < .01) with means of 51.1% correct fo r the social groups and 60.9% 
correct fo r the isolate groups. These values are considerably lower
45
than those obtained from the analysis of variance considering a ll re­
sponses, i . e . ,  57.4% correct fo r the social groups and 68.0% correct 
for the isolate groups (Table 1). S im ilarly , the main effec t fo r d ie t  
was in the expected d irection, 58.5% correct fo r the high protein 
groups and 53.4% correct fo r the low protein groups, but fa iled  to 
reach significance (p = .072). Again these values are somewhat below 
those obtained in the analysis of variance based on a ll responses, 
i . e . ,  64.9% for high protein groups and 60.5% correct fo r the low 
protein groups (Table 1). A sim ilar trend is found in Figures 7, 8, 
and 9 representing percent correct across 5 day blocks (p < .001), 
the environment x 5 day block interaction (p < .001), and the d iet x 
5 day block interaction (p < .01). When compared with Figures 2, 3, 
and 4 (based on a ll responses) these curves are of remarkably sim ilar 
shape and slope, but the in i t ia l  points are somewhat below chance 
(50%). In addition, a l l  points are consistently lower on the graphs 
summarizing f i r s t  responses only.
Tables 5 and 6 of Appendix A contain summaries of the analysis 
of variance based on f i r s t  responses for social groups and for isolate  
groups, respectively. These analyses follow the same general trend as 
in Tables 2 and 3 (considering a ll  responses) with the exception that 
the delay and d ie t x delay effects fa i l  to reach significance and a ll 
points are lower.
The difference between the analyses based on a ll responses and 
those based on in i t ia l  responses only is the inclusion of data obtained 
from the correction tr ia ls .  The use of the correction procedure allows 
an animal to make more than one error to a given problem, that is , i t
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Figure 7. Performance across 5 day block t r i a l s —f i r s t
responses (averaged fo r  a l l  groups)
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Figure 8. Performance across 5 day block t r i a ls —f i r s t
responses (soc ia l versus is o la te )
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Figure 9. Performance across 5 day block t r i a l s - - f i r s t
responses (high p ro te in  versus low p ro te in )
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allows him to make perseverative response errors until he reaches the 
correct solution. Thus, i t  was thought possible that there might be 
a difference between the groups with respect to the re la tive  frequency 
of perseverative response errors.
A chi square analysis of perseverative response errors (fre ­
quencies of 1, 2, 3, 4, or more than 4 errors to a given problem) in 
the HP-SOC, LP-SOC, HP-ISO, and LP-ISO groups was performed for each 
delay in terval. As can be seen in Table 7 of Appendix A, the analysis 
of d iffe re n tia l frequency of perseverative response errors across 
groups was highly s ign ifican t for a ll delay in tervals. The data was 
then recombined in order to investigate the po ssib ility  of differences 
resulting from the social versus the isolate groups and from high pro­
tein as compared with low protein groups. As can be seen in Table 8 
of Appendix A, the differences between social and isolate groups were 
highly sign ificant across a ll delays while none of the comparisons 
involving high and low protein groups reached significance (Table 9 
of Appendix A). Therefore, the sign ifican t effects found in the com­
parison of a ll four groups (Table 7, Appendix A) can be interpreted  
as resulting from the social animals making proportionally more per­
severative response errors than isolates.
Response latencies, the time interval from the introduction of 
the form board until the animal has responded, were recorded for a ll 
t r ia ls . A 2 x 2 x 6 x 7 fixed effec t analysis of variance (d ie t x 
environment x delay interval x 5 day block tr ia ls )  was performed on 
this data and is summarized in Table 10 of Appendix A. Neither the 
diet nor the environment main effects were s ign ifican t. The environment
50
x 5 day block tr ia ls  interaction was s ignificant (p < .01) and is 
represented in Figure 10. I t  can be seen that the social groups' 
response latency was in i t ia l ly  quite low, increased rapidly until 
the fourth 5 day block, and dropped back down to an intermediate 
leve l. In contrast, the isolate groups in i t ia l ly  displayed long 
response latencies, but these rapidly dropped to low values. The 
length of the delay interval also showed a s ign ifican t response 
latency effect (p < .001). As can be seen in Figure 11, response 
latency increased from a low to a moderate level as delay intervals  
increased. In addition, the environment x delay interaction was 
significant (p < .05).  In Figure 12 i t  is evident that in the social 
groups, response latency increased from moderate to high values as 
the length of the delay interval increased as opposed to the isolate  
groups where response latency remained low across delay in terva ls , 
increasing only s lig h tly  across delay in tervals. A very sim ilar trend 
is found in the d ie t x delay interval interaction (p < .01). As can 
be seen in Figure 13, response latency increased from moderate to 
high values as the length of the delay interval increased in the low 
protein groups, and while remaining low, increased s lig h tly  across 
delay intervals in the high protein groups.
A reciprocal transformation, which is often used with time data, 
was performed on the response latency data. An analysis of variance 
based on th is transformed data is presented in Table 11 of Appendix A, 
and was not found to change the significance levels o f any of the 
effects.
Figure 10. Response la tency across 5 day block t r ia ls
(soc ia l versus is o la te )
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Figure 11. Response latency across delay
(averaged fo r  a l l  groups)
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Figure 12. Response la tency across delay
(soc ia l versus is o la te )
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Figure 13. Response latency across delay
(high p ro te in  versus low p ro te in )
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A separate analysis of variance of response latencies was per­
formed for the social groups based on 45 days of data (Table 12 of 
Appendix A) and for comparison, an analysis of the isolate groups 
alone is included in Table 13 of Appendix A. These analyses follow  
the same general trend as the overall analysis (Table 10, Appendix A) 
with the exception that the 5 day blocks e ffec t reached significance 
in the isolate groups comparison, and d ie t x delay interval in te r­
action fa iled  to reach significance in e ither analysis.
F inally , since the number of responses a t each delay interval 
varies, the daily mean response latency is not equivalent to the 
average of the response latencies fo r the delay in tervals. In other 
words, the response latencies for the various delay intervals must 
be weighted in order to obtain the daily  mean response latency. The 
data from these weighted means was analyzed by means of a 2 x 2 x 7 
(d ie t x environment x 5 day block tr ia ls )  analysis of variance and 
is summarized in Table 14 of Appendix A. Only the environment x 5 
day block tr ia ls  interaction was s ign ificant (p < .001) and as can 
be seen in Figure 14, this interaction is very sim ilar to that seen 
in Figure 10, based on unweighted means.
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Figure 14. Mean response la tency across 5 day block
t r ia ls  (soc ia l versus is o la te ) .
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CHAPTER IV
DISCUSSION
The Pi et Effect
As predicted, a general improvement across 5 day block tr ia ls  
on the delayed alternation task was found (p < .001). All groups 
improved, but they progressed at d iffe ren t rates and eventually 
reached d iffe ren t levels of performance. However, while differences 
between groups were anticipated, the hypothesis that the high protein 
groups would perform better than the low protein groups is not sup­
ported by a s ign ificant main e ffe c t fo r d ie t. Thus, while the d iet- 
effec t was in the expected direction, 64.9% correct fo r high protein 
as opposed to 60.5% correct fo r low protein animals, i t  fa iled  to 
reach significance (p = .091). A sim ilar trend was noted in the 
analysis of f i r s t  response data, i . e . , the main effec t fo r d ie t, 
while in the expected d irection , fa iled  to reach significance (p = 
.072). (The importance of f i r s t  response data w ill be discussed 
in more detail la te r .)
However, the fa ilu re  of the d ie t main effec t to reach s ig n if i­
cance can be easily explained with reference to the d ie t by 5 day 
block tr ia ls  interaction. As can be seen in Figure 4 for overall 
percent correct (p < .001) and in Figure 9 for percent correct f i r s t  
responses (p < .01 ), the e ffec t of diet varied across tr ia ls  such
57
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that, while in i t ia l ly  in fe rio r to the low protein groups, the high 
protein groups quickly improved, surpassing the low protein groups 
by the th ird  5 day block and maintaining th e ir  superiority fo r the 
remainder of the experiment. This type of in teraction, where the 
effects cross each other, acts to lessen the main e ffec t. Thus, the 
performance of the high protein groups on this task is d is tin c t from 
that of the low protein groups when viewed with respect to perform­
ance across t r ia ls ,  but the superiority of the high protein groups
tends to be obscured due to th e ir in it ia l  in fe r io r ity  when only the
main e ffec t is considered.
This in i t ia l  in fe r io r ity  o f the high protein groups and the 
general tendency to perform at below chance (50% correct) levels 
(Figures 4 and 9) at the f i r s t  5 day block may a t f i r s t  seem puzzling, 
but is not d i f f ic u lt  to explain when the experimental paradigm is con­
sidered. Thus, i t  is reasonable to assume that when f i r s t  confronted 
with the delayed alternation task, the animal w ill respond according 
to the law of e ffe c t. In other words, following reinforcement, the 
animal w ill tend to repeat his previous response (win-stay). (Suther­
land and Mackintosh [1971] maintain that while there is evidence that 
rhesus monkeys and chimpanzees do develop strategies, there is no need 
to appeal to a win-stay, lo se-sh ift strategy when simple operations of 
reinforcement and nonreinforcement are adequate to explain the data.) 
However, e ff ic ie n t performance on delayed alternation requires the 
adoption of a w in -sh ift, lo se-sh ift strategy, that is , correct per­
formance on delayed alternation with correction requires that an animal 
respond counter to the law of e ffec t. Thus, to the extent that an
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animal recalls his previously reinforced response and adopts a win-stay 
strategy, his in it ia l  performance w ill tend to be below chance. There­
fore, fo r the f i r s t  5 day block, the general tendency to respond at be­
low chance levels, especially immediately following reinforcement (Figure 
9 ), can be seen as the result of an experimental paradigm that requires 
the animal to respond counter to the law of e ffect.
In addition, i t  is evident from Figures 4 and 9 that this ten­
dency toward less than chance performance a t the f i r s t  5 day block is 
greater in the high protein animals. One possible explanation for 
this closer to chance performance in the low protein groups is that 
the low protein groups are content to'respond at chance levels , es­
pecially when confronted with a d i f f ic u lt  problem (Strobe!, 1972). 
However, since they eventually respond at above chance levels, this 
explanation seems inadequate. A lternative ly , i t  is  possible that 
both the high protein and the low protein groups in i t ia l ly  adopt a 
win-stay, lose-sh ift strategy, but that the low protein groups are 
re la tiv e ly  less e f f ic ie n t.in  applying th is strategy due to a fa ilu re  
to attend to th e ir previous response. Thus, while i t  has been demon­
strated that low protein monkeys are able to remember the location of 
a reward when the c r it ic a l cue is provided by the experimenter as in 
delayed response (Zimmermann, Geist, Strobe!, and Cleveland, 1973), 
i t  was argued e a rlie r  that they may experience d iff ic u lty  in attend­
ing to th e ir own past behavior. I f  low protein monkeys do have d i f ­
f ic u lty  in attending to th e ir  own past behavior, they w ill experience 
d iff ic u lty  in applying a win-stay strategy with reference to that be­
havior. As a resu lt, th e ir  scores should deviate less from chance
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than those o f the high p ro te in  groups.
Such an argument could also account for; the in fe r io r  performance 
of the low protein groups across the remaining 5 day blocks (Figure 9). 
As group performance rises above'50% correct, i t  can be assumed that 
the monkeys have abandoned th e ir original and never reinforced win- 
stay hypothesis and have adopted a w in -sh ift hypothesis. Again, such 
a strategy requires the animal to attend to his preceding reinforced 
response and to s h ift with reference to that response. I f  the low 
protein animal experiences d if f ic u lty  in attending to his la s t re­
sponse, he w ill be less e ff ic ie n t at sh ifting  with reference to that 
response and therefore should perform less well than high protein ani­
mals using a w in -sh ift strategy. A lternatively , i t  is  possible to 
argue that low protein animals are simply slower to adopt the win- 
s h ift strategy and consequently perform less well than the high pro­
tein animals. Such an argument by i ts e l f  fa ils  to account for the 
differen t f i r s t  5 day block data points.
I t  should be noted that the above discussion deals mainly with 
the f i r s t  response percent correct data. This emphasis is intentional 
and is due to the fact that in the case of a correct response (w in), 
that is , following reinforcement, the animal must learn to change his 
strategy from win-stay to w in -sh ift; whereas following an incorrect 
response, both the experimental design and the basic laws of reinforce­
ment and nonreinforcement require a lo se-sh ift strategy. Assuming 
that lo se-sh ift also requires attending to past behavior, low protein 
animals would be expected to perform less well than high protein ani­
mals following an incorrect response, T r ia l- to - t r ia l  response patterns
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w ill be discussed in more detail la te r , but d iffe re n tia l performance 
following an incorrect response does not appear to be the case, as 
high and low protein animals seem to perform equally well following 
an error. In other words, there were no differences between diet 
groups with reference to perseverative response errors (Table 9, Ap­
pendix A). Therefore, i t  seems reasonable to assume that the fa ilu re  
of. low protein animals to attend to th e ir  previous behavior following 
reinforcement is d irec tly  associated with obtaining reinforcement.
I t  may be that low protein animals are so disrupted when they receive 
reinforcement that they fa i l  to remember or attend to the response 
that led to reinforcement. I t  w ill be recalled that Levitsky and 
Barnes (1972) suggested as one of several possible mechanisms to ac­
count for the behavioral effects of m alnutrition, that malnutrition  
may produce behavior, such as extreme food orientation , that is in­
compatible with the incorporation of environmental information. Such 
an interpretation seems to be compatible with the hypothesized dis­
ruptive effec t of food reinforcement on attending to one's own behavior. 
I f  such food orientation is solely responsible for the d iffe re n tia l 
performance between high and low protein animals following reinforce­
ment, then i t  would be expected that such differences between groups 
would disappear in experimental paradigms which do not use food as a 
reinforcer.
F ina lly , the s ignificant (p < .05) main e ffec t of delay intervals
(Figure 5) is perhaps best viewed with respect to the s ignificant
/
(p < .01) d ie t by delay interaction (Figure 6). Thus, i t  appears that 
whatever advantage high protein animals have on the shorter delays,
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this advantage is lost at the longer delay in tervals . Also, i t  is of 
importance to note that the performance of low protein monkeys does 
not fa l l  o ff at the longer delays and may even tend to improve s lig h tly .
I t  was previously suggested that low protein monkeys are suffering from 
attentional d e fic it  and i t  was assumed that problems with longer delays 
make increased attentional demands on the animal. Therefore, i t  was 
predicted that the performance of the low protein monkeys would fa l l  
o ff re la tive ly  more rapidly than the performance of high protein mon­
keys as the length of the delay interval increased. Since this pre­
diction was found to be incorrect, i t  is appropriate to examine the 
underlying assumptions, and since the arguments have already been dis­
cussed with reference to an attentional d e fic it  and the support for
' f
this notion presented, an evaluation of the assumption that longer de­
lays are more d if f ic u lt  is in order.
As can be seen in Figure 5, while the delay e ffec t is s ig n if i­
cant (p < .05 ), i t  is s lig h t, suggesting that longer delay intervals  
are only s lig h tly  more d if f ic u lt  than are shorter delays. L i t t le  sup­
port with respect to this finding comes from the standard delayed a l­
ternation studies since they tend to use only one delay in te rva l,, 
generally 5 seconds (Rosvold and Delgado, 1956; Rosvold, Mishkin, and 
Szwarcbart, 1958; Mishkin, 1957; Pribram and Tubbs, 1967; Stamm, 1964; 
Abplanalp and Mirsky, 1973). However, Riopelle and Churukian (1958) 
reported that on a visual discrimination learning task, performance 
did not vary sharply as a function of in te r tr ia l interval (10, 30, 60, 
and 120 second in terva ls ). Therefore, i t  seems lik e ly  that the fa ilu re  
to find the predicted trend with reference to the d ie t by delay interaction
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was a result of incorrectly assuming that 60 second delay intervals  
would be considerably more d if f ic u lt  fo r rhesus monkeys than 10 second 
delays.
I t  may be possible to explain the obtained d ie t by delay in ter­
action with reference to the re la tive  rate of reinforcement for the 
d ifferen t delay in tervals. Since the main e ffec t fo r d ie t was not 
significant with reference to response latencies, i t  can be assumed 
that low protein monkeys and s lig h tly  deprived high protein monkeys 
are approximately equally motivated with respect to obtaining food 
reward. However, while on the average,equally motivated, food deprived 
high protein animals and ad l ib  low protein animals may respond s lig h tly  
d iffe ren tly  to changes in the re la tive  rate of reinforcement. Thus, as 
the rate of reinforcement decreases as a result of longer in te r tr ia l  
delay in tervals , high protein animals may become s lig h tly  less moti­
vated to perform, causing a s lig h t drop in th e ir  performance, while 
low protein animals with th e ir extreme food orientation , may maintain 
or even s lig h tly  increase th e ir  motivation to perform, thus maintain­
ing th e ir  level o f performance.
F ina lly , i t  is worth noting that the delayed alternation per­
formance in th is study is generally lower than is usually reported in 
the lite ra tu re . However, there are several differences between this  
study and the classical delayed alternation with correction studies. 
F irs t, in the standard paradigm a 5 second delay interval has normally 
been used (Rosvold and Delgado, 1956: Mishkin, 1957; Rosvold, Mishkin, 
and Szwarcbart, 1958; Pribram, Mishkin, Rosvold, and Kaplan, 1952; 
Pribram and Tubbs, 1967; Abplanalp and Mirsky, 1973) although Stamm
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(1964) used 7 seconds. Secondly, only one delay interval per study 
was used and therefore only on the in i t ia l  t r ia l  fo r a given day were 
both boxes baited. While the longer delay intervals in the present 
study may have served to lower overall performance, Figure 5 suggests 
that this was not the case since within the 10 and 60 second range, 
the length of the delay interval had only a s light e ffec t. However, 
i t  is possible that the shape of this function is quite d iffe ren t in 
the 0 to 10 second range. However, i t  seems more lik e ly  that baiting  
both boxes 6 times instead of once per day was largely responsible for 
the re la tiv e ly  low performance levels. This provision was o rig ina lly  
included in order to provide an opportunity fo r the monkeys to make 
a s h ift  with reference to th e ir pattern o f responding. However, since 
the only signal fo r the opportunity to make a response s h ift was a 
change in delay in te rv a l, the monkeys may have been unaware of this  
opportunity to s h ift th e ir  response pattern. Assuming that rhesus 
monkeys form hypotheses while problem solving, th is provision probably 
had a deleterious effec t on performance. Thus, on 5 out of 36 tr ia ls  
per day, a monkey engaging in hypothesis testing was lik e ly  to receive 
incorrect information concerning his hypothesis.
The Environment Effect
In addition to d ie t affecting performance on the delayed a lte r ­
nation task, i t  was predicted that a s ign ificant environment main 
effec t would be found such that the socially enriched groups would 
perform better than the iso late monkeys. Such a prediction was based 
on the several studies investigating d iet by environment interactions
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in rats which reported that the effects of malnutrition were exag­
gerated by environmental deprivation (Frankova, 1968; Levitsky and 
Barnes, 1972; Wells, Geist, and Zimmermann, 1972), along with a 
knowledge of the severe social and emotional disturbances which 
characterize socially deprived monkeys (Mason, 1968). Noting the 
behavioral s im ila rities  between protein-malnourished animals and 
those subjected to early environmental deprivation, several invest­
igators have suggested that very sim ilar mechanisms may be involved 
in producing these effects (Levitsky and Barnes, 1973; Zimmermann, 
Steere, Strobel, and Horn, 1972). Thus, i t  seemed reasonable to assume 
that socially deprived monkeys would perform less well than enriched 
animals on the delayed alternation task.
However, this was not found to be the case. While a s ign ificant 
main e ffec t fo r environment was found (p < .01 ), i t  was in a direction  
opposite to that predicted. Thus* the overall percent correct for 
isolates was 68.0 while that fo r social animals was only 57.4. A 
sim ilar trend is present when only f i r s t  response data is considered 
(p < .01). As can be seen in Figure 3 fo r overall percent correct, 
and in Figure 8 considering f i r s t  responses only, the isolate groups 
are consistently and s trik in g ly  superior to the social animals.
While there is considerable lite ra tu re  concerning social and 
emotional abnormalities following environmental and social depriva­
tio n , there has been re la tiv e ly  l i t t l e  research on how social rearing 
conditions affec t learning a b il ity  and much o f th is  lite ra tu re  is 
confusing. For instance, Rowland (1964a, b) to ta lly  isolated infant 
monkeys fo r 6 or 12 months and tested them during and following
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isolation on both discrimination learning and learning set formation. 
While he found no sign ificant differences in performance between iso­
lates and controls, the rearing conditions of control animals were 
not specified. Since th is research was conducted in the Harlow lab­
oratory, the so-called control animals were probably partia l social 
isolates. Such a finding would be consistent with the data of G riffin  
and Harlow (1966) in which no s ign ificant differences in learning set 
formation were found between p artia l social isolates and monkeys to­
ta lly  isolated from birth  to 3 months. The d if f ic u lty  with this re­
search and that of Harlow, S ch iltz , and Harlow (1969) which reported 
some differences between groups, is that to tal isolates are being com­
pared with controls which are in fact partia l social isolates. (Par­
t ia l social isolates are raised in individual cages from b irth  where 
they can see and hear.but not touch other monkeys. ) Since the environ­
ment main e ffec t in the present study (Figures 3 and 8) was found be­
tween partia l social isolates and socially enriched subjects, the above 
studies are of l i t t l e  explanatory value. However, Harlow, Harlow, 
S chiltz , and Mohr (1971) reported the results o f a test battery ad­
ministered to 6 and 9 month to ta l social isolates (isolated for the 
f i r s t  6 or 9 months of l i f e ) ,  socially enriched monkeys (reared in a 
nuclear family housing apparatus), and controls (once again, partia l 
social iso la tes). While the control animals seem to be of l i t t l e  
in terest to Harlow in this study, they are in fact the most consis­
tently  superior group. The f i r s t  test of the battery involved 20 
discrimination problems o f 25 t r ia ls  each. While the results of this  
study fa iled  to reach significance (p < 0 .1 ) ,  the trend was fo r total
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isolate and control monkeys to perform better than enriched animals. 
Sim ilarly , when tested on 600 problems of 6 t r ia l  learning set, the 
control and isolate groups were found to be s ig n ifican tly  superior 
to the enriched groups (p < .05). When tested fo r 1,800 tr ia ls  of 
0 and 5 second delayed response, the control animals were found to 
be superior to the iso late and enriched groups (p < .05 ). S im ilarly , 
when tested on multiple delayed response (5 , 10, 20, and 40 second), 
the trend (p < 0.1) was fo r control to be superior to iso late and 
enriched animals. Only when tested on oddity learning set, were en­
riched animals found to be superior to isolates and controls (p < .05). 
Thus, on four out of five  of the tests in this battery, there was at 
least a trend fo r control animals (p a rtia l social isolates) to demon­
strate superior performance. However, Harlow, concerned mainly with 
the enriched versus to ta l isolate comparisons, fa iled  to note this 
trend and concluded that although early environment may greatly a lte r  
emotional and personality variables, i t  has l i t t l e  or no effec t on 
learning or in te llec tu a l variables.
In summary, in Harlow et a l. (1971), which appears to be the 
only study which compares learning a b ility  between socially enriched 
and p a rtia lly  socially isolated monkeys, the trend was for superior 
performance by the partia l social isolates (controls),. Therefore, 
the finding in the present study, that partia l social isolates out­
performed enriched monkeys on the delayed alternation task, is not 
inconsistent with the findings reported by Harlow e t a l .  (1971).
While there is l i t t l e  information on how rearing environments 
affec t learning in monkeys, there is even less data which might help
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to explain this phenomenon. Isolates are frequently described as 
emotional and fe a rfu l, but Harlow et a l . (1971) maintained that th e ir  
adaptation sequence greatly alleviates th is  problem and i t  is in te r­
esting to note that when presented with what Harlow described as a 
somewhat emotionally taxing task (0 and 5 second delayed response), 
i t  was his enriched monkeys who made to ta lly  inadequate responses while 
reportedly threatening the experimenter and ignoring the problem. Dur­
ing delayed alternation testing a sim ilar phenomenon was noted. Soci­
a lly  enriched animals were re la tiv e ly  emotional, that is , they tended 
to run in circles and to call frequently, or a lte rn a tive ly , to engage 
in a variety of quiet but competing behaviors such as grooming or play­
ing with the sawdust in the floor of the cage. As can be seen in 
Figure 10, such animals also tended to exhib it long response latencies. 
In contrast, partia l social isolates tended to be quiet, less active, 
and responded more readily. Thus, the socially enriched monkeys ap­
peared to be more emotionally aroused during WGTA testing than did 
the isolates.
Harlow e t a l.  (1971) attributed the behavior of the enriched 
monkeys during 0 and 5 second delayed response testing to la tent in ­
security and h o s tility  as a result o f being removed from the security 
of friends and fam ily, and there is some experimental evidence fo r a 
sort of separation anxiety occurring in rhesus monkeys. For instance, 
W illo tt and McDaniel (1974) studied the reaction of pairs of juvenile  
rhesus monkeys to threat of separation and reported that the animals 
displayed disturbance, especially pacing, increased a c tiv ity , distress 
vocalizations, and threats. In addition, several investigators have
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studied the affects occurring during peer separation in juvenile  
rhesus monkeys (Erwin, Mobaldi, and M itche ll, 1971; McKinney, Suomi, 
and Harlow, 1972; Erwin, Brandt, and M itche ll, 1973) and have gener­
a lly  reported increases in locomotion, coo-screeching (Erwin, Mo­
bald i, and M itche ll, 1971), and stereotyped movements. Therefore, 
i t  seems lik e ly  that socially enriched monkeys are stressed when re­
moved from th e ir home environments and placed in the WGTA.
In addition to undergoing peer separation, there are several 
additional factors which might add to the stress of socially enriched 
monkeys in the WGTA test s ituation . For instance, i t  was more d i f f i ­
cu lt to persuade the social monkeys to enter the transport cage and 
occasionally the WGTA, and therefore, social animals may be more 
aroused when they arrive a t the test s ituation . In addition, social 
monkeys are not accustomed to being confined in a small cage as are 
the isolates and may find such confinement to be s tressfu l. F ina lly , 
while isolates spend much of th e ir time s ittin g  qu ietly in th e ir  
cages, social animals liv e  in a more active environment and may find  
delay intervals especially disturbing.
In summary, the socially enriched monkeys displayed re la tive ly  
more emotional behavior during WGTA testing than did isolates and 
several reasons have been offered to account fo r th is behavior in
terms of stress due to changes in the social and physical environment
which would not be expected to influence the behavior of partia l social
isolates to the same degree.
Such an emotionality argument can also be used to explain the 
perseverative response data. I t  w ill be recalled that since a correction
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procedure was employed in delayed alternation testing, when the animal 
made an incorrect response to a problem, that problem was presented 
repeatedly until he made the correct response. The perseverative re­
sponse analysis was performed because i t  appeared to the experimenter 
during the course of testing, that there was a tendency in social 
animals to respond with chains of errors. While i t  is possible, as 
Harlow et a l . (1971) suggested, that enriched monkeys under stress 
simply ignored the problem, this argument does not seem te rr ib ly  com­
pelling . Harlow (1959a) suggested a better answer. Thus, he reported 
the results from testing 12, 30, and 50 month rhesus monkeys on the 
Hamilton Perseverance Test. In th is  te s t, the animal was presented 
with four boxes having spring-loaded lids and was allowed four tr ia ls  
in order to find the food reward which was contained in one of the 
boxes. An error in this paradigm was defined as making an additional 
response to an unrewarded box a fte r  l i f t in g  the l id  previously during 
the problem. There was a tendency for 30 and 50 month monkeys to make 
many fewer perseverative errors of this type than did year old monkeys. 
Thus, an a lternative explanation for the perseverative response errors 
found in the delayed alternation performance is that enriched animals 
under,the stress of testing in the WGTA, tended to exhib it a more 
juvenile response pattern.
In summary, on the delayed alternation task, socially enriched 
animals were found to make more f i r s t  response errors and more per­
severative response errors than did partia l social iso lates. This 
finding receives support from a general trend evident in the study 
by Harlow et a l. (1971). Due to general observations of th e ir behavior
during testing and the evidence for emotional responses during peer 
separation (Erwin, Mobaldi, and M itche ll, 1971; McKinney, Suomi, and 
Harlow, 1972; Erwin, Brandt, and M itchell, 1973)* i t  has been suggested 
that this in fe r io r performance of socially enriched monkeys during de­
layed alternation testing in the WGTA is a resu lt o f emotional behavior 
due to re la tiv e ly  large changes in the social and physical environment 
of these animals. Thus, i t  seems lik e ly  that these differences between 
enriched and iso late groups would fa i l  to occur i f  the animals were 
tested in th e ir  home cages.
The Diet by Environment Interaction
Noting the s im ila rities  between the emotional and social abnorm­
a lit ie s  seen in protein malnourished monkeys and those subjected to 
early social deprivation, Zimmermann, Steere, Strobe!,' and Horn (1972) 
suggested that low protein monkeys might be considered functional social 
isolates. Thus, i t  was proposed that sim ilar mechanisms might be in­
volved in producing the behavioral effects seen in malnutrition and 
early social deprivation. I t  was therefore hypothesized that social 
deprivation and protein malnutrition would in teract in the delayed a l­
ternation experiment. However, as can be seen in Table 1 of Appendix 
A, no such interactions were found. The answer to this somewhat puz­
zling situation was probably given by Harlow e t a l. (1971) when they 
emphasized a difference between measuring the effects of social depri­
vation on emotional s ta b ility  and measuring the effects on learning 
a b ility  per se.
The studies which have reported interactions between rearing 
and d iet conditions, have tended to deal with this f i r s t  measure.
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Thus, Frankova (1968) and Levitsky and Barnes (1972), both working 
with ra ts , reported s ignificant d ie t by environment interactions with 
such measures as a c tiv ity ; tendency to explore a new environment, and 
social behavior. S im ilarly , Elias and Samonds (1974), working with 
cebus monkeys, reported s ign ificant d ie t by environment interactions 
for exploratory behavTor and a c tiv ity . F in a lly , Wells, Geist, and
I
Zimmermann (1972) found a sign ificant d iet by environment interaction  
in rats tested on maze performance. I t  should be obvious that a ll 
these studies capita lize  on the excessive fearfulness and neophobia 
of low protein and isolates animals. Thus, Harlow et a l . (1971) em­
phasized that i f  an investigator was interested in evaluating learning 
capacity in socially deprived animals, he should be careful to provide 
extensive adaptation to the test situation and should avoid designs 
that involve pain or shock, or which tend to be emotionally disturbing 
as would variants of an open fie ld  (including Hebb Williams mazes). 
Thus, although d iet by environment interactions have been reported, 
they have tended to measure emotionality rather than learning per se.
In the present experiment, a ll groups received extensive adap­
tation to the test situation and were fam ilia r with the test stimuli 
as a result of pretraining. Under such conditions, the effects of 
excessive fearfulness in the test situation and neophobia in isolates 
and low protein monkeys should have been minimized. However, while 
Harlow has suggested that the fearfu l ness of isolates habituates as 
a result of extensive experience with the test s ituation , th is  has 
not been shown to be the case with "separation anxiety." Thus, when 
the behavior of separated rhesus juveniles was recorded during two
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days (Erwin, Mobaldi, and M itchell, 1971; and Erwin, Brandt, and 
M itche ll, 1973) or two weeks of peer separation (McKinney, Suomi, 
and Harlow, 1972), the behavioral effects were found to persist 
throughout separation. In addition, W illo tt and McDaniel (1974) 
would not have been able to obtain th e ir results, which required 
conditioning subsequent separation to the appearance of a transport 
cage, i f  fear of separation habituated rapidly as a result of re­
peated separations. Thus, there is the suggestion that while fear 
of novelty (characteristic of low protein and early social isolates) 
habituates, this does not appear to be the case with respect to "sep­
aration anxiety" (characteristic of social animals). In the present 
study, the experimenter took precautions to eliminate emotional be­
havior in the isolate and low protein monkeys but was unaware that 
such a factor might be operating in social animals. Such emotional 
behavior was quite lik e ly  responsible for the lowered performance of 
enriched animals. (Since low protein animals tend to behave as func­
tional social isolates in a variety o f circumstances, the e ffec t of 
separation on the LP-SOC group would be expected to be attenuated.) 
Additional evidence for the suggestion that emotional behavior did 
not account for the lowered performance of the low protein groups is 
provided by the fa ilu re  to find differences in  the d istribution of 
perseverative response errors as a result o f,d ie t.
In summary, while d iet by environment interactions have been 
reported in the lite ra tu re , such that the effects of malnutrition  
have been enhanced by social iso lation , they have been found in studies 
which tend to measure heightened emotional behavior, a characteristic
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of both these syndromes. The fa ilu re  to find a s ign ifican t interac­
tion between d ie t and environment in the present study tends'to sup­
port Harlow's argument that there are differences between measuring 
the emotional s ta b ility  and the learning capacity of iso lates. Fur­
thermore, there is the suggestion that there are two mechanisms in­
volved in producing the behavioral abnormalities associated with pro­
tein m alnutrition. Thus, i t  may be that one mechanisms produces its  
effects by creating an animal that is to some degree a functional social 
iso late, while a second mechanism, perhaps involving an attentional 
d e fic it (possibly in the brain) acts to product a learning d e fic it .
Response Latencies
Strobel, Geist, Zimmermann, and Lindvig (1974) and Strobe! (1972) 
reported that the various reinforcers used with low protein monkeys 
and s ligh tly  deprived high protein monkeys, i . e . ,  raisins or high pro­
tein diet fo r the high protein groups and sugar coated cereal fo r the 
low protein groups, have equal incentive values. Thus, assuming that 
response rate is d irec tly  related to food motivation, i t  was hypoth­
esized that no sign ifican t d ie t effects for response latencies would 
be found. As predicted, the d ie t main e ffec t and the d ie t by 5 day 
block tr ia ls  interaction were not s ign ifican t. In order to provide 
evidence that the superior performance of high protein animals on de­
layed alternation could not be attributed to increased motivational 
levels as a result of food deprivation, the HP-ISO group was placed 
on ad l ib  feeding and tested fo r an additional 5 days a t the end of 
the experiment. Response latencies increased during this period,
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from an average of 2.0 seconds to 5.1 seconds while performance dropped 
11%. Thus, there seems to be some evidence fo r the assumption that re­
sponse latency is a measure of motivation to perform and that the diet 
groups were approximately equated with respect to th is measure through­
out the experiment. However, i t  should be noted that these findings 
do not agree with those of Gross. Gross (1963) tested a group of rhesus 
monkeys on 3 or 5 second delayed alternation performance and reported 
that deprivation level did not a lte r  performance and in addition, that 
latency and performance were not s ign ifican tly  correlated. However, 
Gross used 2, 26, or 50 hours of deprivation and did not have an ad l ib  
group. Therefore, i t  is d i f f ic u lt  to make comparisons between his 
findings and those found under ad lib  conditions, or to evaluate the 
effect of deprivation level on the acquisition of delayed alternation.
As previously mentioned, a s ign ificant (p < .01) environment by 
5 day block t r ia ls  e ffec t was found for response latencies (Figure 10) 
and the re la tiv e ly  long response latencies of the social animals were 
attributed to th e ir participation in competing behaviors. The rapid 
drop in response latency across 5 day blocks demonstrated by the iso­
late  groups may correspond to habituation of fearful ness.
In addition a s ign ifican t environment by delay e ffec t (p < .05) 
was found such that both groups took longer to respond as the delay 
interval increased (Figure 12). There was a general, although s ligh t 
tendency for performance to decline as the delay interval increased 
(Figure 5 ), however, i t  is not possible to determine form correlational 
data i f  performance declined as a resu lt of longer response latencies 
(essentially lengthening the delay in terva l) or i f  longer response
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latencies were the result of more d if f ic u lt  problems (longer delay 
in te rv a ls ).
T r ia l-to -T r ia l Response Patterns
In beginning a discussion o f t r ia l - to - t r ia l  response patterns, 
i t  is perhaps helpful to review some of the data analyses which have 
been previously mentioned. Figures 1 through 6 re fer to analyses per­
formed on overall percent correct response data. In such analyses, 
overall percent correct responses was defined as 100 times the number 
of correct responses divided by the sum of the correct and incorrect 
responses. Since a correction procedure was employed in this experi­
ment, the daily number of incorrect responses, and therefore, the 
divisor in the above calculation was variable. However, this is not 
the case when f i r s t  response data (Figures 7 through 9) is considered 
since analyses based on in i t ia l  responses to a given problem exclude 
information based on correction t r ia ls .  The analysis o f perseverative 
response errors was employed to evaluate the data obtained from cor- ■ 
rection t r ia ls .
I t  can be assumed that i f  the probability of a correct response 
were constant across t r ia ls ,  then the overall percent correct response 
data would be equivalent to the percent correct of f i r s t  responses. 
However, this was not found to be the case. That is , percent correct 
of f i r s t  responses was consistently less than overall percent correct. 
This finding has led to a consideration of t r ia l - t o - t r ia l  response 
patterns.
Since percent correct o f f i r s t  responses is less than overall 
percent correct, i t  must be concluded that the probability of an error
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on a f i r s t  response t r ia l  is in general greater than the probability  
of an error on a correction t r ia l .  This conclusion follows from the 
fact that by d e fin itio n , the primary difference between f i r s t  response 
tr ia ls  and correction t r ia ls  is that f i r s t  response tr ia ls  have a 
correct response immediately preceding them while correction tr ia ls  
have an error preceding them.
A tendency for this greater probability of a correct response 
following an error than following a correct response has been noted 
by several investigators of discrimination learning in rhesus monkeys. 
Moss and Harlow (1947) provided animals with one or two train ing tr ia ls  
consisting of presentation of a single positive (rewarded) or negative 
(non-rewarded) stimulus object prior to testing, and reported higher 
test t r ia l  discrimination performance following non-reward than re­
warded train ing . Variations of th is procedure have produced sim ilar 
results as reported by Harlow and Hicks (1957) and King and Harlow 
(1962). (However, Miles [1965] fa ile d  to obtain this e ffec t in squir­
rel monkeys.) In a ll these cases, the tendency for the probability  
of a correct response to be less following reward was attributed to 
a response s h ift error, i . e . ,  the tendency of the monkey to investi­
gate an unexplored stimulus object. This so-called error factor is 
discussed by Harlow (1959b) along with three additional error factors, 
d iffe re n tia l cue (the tendency to respond to the position previously 
yielding food rather than to the ob ject), stimulus perseveration (the 
tendency fo r the animal to make repe titive  responses to the incorrect 
object, presumably as a resu lt of stimulus preference), and position 
habit. However, position habit is quickly overcome in primate learning,
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and stimulus perseveration, d iffe re n tia l cue, and response s h ift are 
only appropriate explanations for an error when two d iffe ren t stimu­
lus objects are present, as in learning set, but not delayed alternation. 
Furthermore, Bowman and Takemura (1966) have demonstrated a response 
s h ift type of phenomenon in a situation where neither stimulus object 
had previously been displaced.
Thus, while the above studies provide support fo r the finding 
that the probability of a correct response is greater following an 
error than following a correct response, the explanation in terms 
of a response s h ift (as a tendency to investigate non-displaced ob­
jects) cannot be used to explain this phenomenon in the delayed a l ­
ternation data. As was previously suggested, i t  may be that reinforce­
ment is s u ffic ie n tly  disruptive to monkeys as to disturb th e ir  perfor­
mance on the following t r ia l  or conversely, an error immediately, fo l ­
lowing reinforcement may serve to focus attention more sharply.
While i t  is d i f f ic u lt  to o ffe r an explanation for the above 
general phenomenon in the delayed alternation data, when the trend 
across perseverative errors is considered, the results are even more 
puzzling. Since the above studies were based on discrete t r ia l  data 
(learning s e t), perseverative response errors could not occur in the 
sense that they can with a correction procedure. Within the frame­
work of a correction procedure, the probability of perseverative er­
rors can be determined. Thus, as can be seen in Appendix B, Figure 
1 for group data and Appendix B, Table 1 for individual subjects, 
there is not only a trend for the probability o f an error to decrease 
following a single error, but th is trend reverses with perseverative
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errors (a p p a r e n t ly  tending toward chance). When individual subjects 
are considered, and using the probability of an error following a 
correct response as a reference, i t  can be seen that approximately 
3/4 of the subjects follow the trend of a decreased probability of 
an error following a single error and increased probability of an 
error following a second or th ird  (perseverative) error. Therefore, 
i t  appears that whatever the advantage of committing a single error 
immediately following reinforcement, i t  is not maintained for per­
severative errors.
Frontal Lobe Damage
I t  was previously suggested that the de fic its  in learning a b ility  
or attention demonstrated by the low protein monkeys might be associ­
ated with an actual brain d e fic it . There are several parallels be­
tween low protein monkeys and those with frontal lobe lesions which 
should be mentioned as they may suggest a possible mechanism for the 
attentional de fic its  seen in protein m alnutrition. F irs t, de fic its  
in delayed alternation performance following frontal lobe lesions are 
commonly reported in the lite ra tu re  (Mishkin, 1957; Stamm, 1964; P ri­
bram and Tubbs, 1967). These de fic its  seem to be specific to the 
frontal lobes, other neocortical regions not being essential for the 
task (Thompson, 1967). However, lesions in rhinencephalic regions 
and the caudate nucleus produce sim ilar effects (Rosvold and Delgado, 
1956; Rosvold, Mishkin, and Szwarcbart, 1958). Thus, both monkeys 
with frontal lobe lesions and monkeys reared on low protein diets 
showed de fic its  in delayed alternation performance. Secondly, Strobe!
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(1972) and Strobe!, Geist, Zimmermann, and Lindvig (1974) reported 
in fe rio r performance of low protein monkeys on tasks involving stimu- 
lus-response discontinuity. Likewise, French (1962) and Riopelle and 
Churukian (1958) reported that frontal monkeys experienced d iff ic u lt ie s  
on tasks involving stimulus-response discontinuity. In addition, while 
the frontal lobe is often considered to be involved in short term 
memory, Riopelle and Churukian (1958) found that the visual discrim i­
nation learning of the frontal monkey was neither increased nor de­
creased sharply as a function of in te r tr ia l intervals of 10, 30, 60, 
and 120 seconds, a finding which again parallels the results obtained 
in the present experiment. F ina lly , d ie t effects were not found to 
be s ignificant with reference to perseverative response errors in the 
present study. S im ilarly , perseverative response errors were not found 
to be sign ifican t in frontal monkeys performing a Sequential task which 
was sim ilar to delayed alternation in that no cue was constantly re­
lated to reward and the correct response was contingent only on previous 
action (Pinto-Hamuy and Linck, 1965).
Thus, there appear to be several s im ila rities  between the in­
fe rio r performance seen in monkeys with frontal lobe lesions and those 
reared on low protein diets which may tend to suggest frontal lobe 
damage in low protein monkeys. However, monkeys with frontal lobe 
lesions also display in fe r io r delayed response performance, an effect 
not found with lesions in other areas of the cortex (Thompson, 1967). 
Zimmermann, Geist, Strobel, and Cleveland (1973) did not find a d e fi­
c it  in delayed response performance fo r monkeys placed on the experi­
mental diets a t 210 days of age. Since the monkeys in the present
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experiment were placed on the experimental diets much e a r lie r , at 120 
days of age, the delayed response study should probably be replicated  
with animals experiencing the e a rlie r  dietary manipulation. However, 
while there are several s im ila rities  between frontal and low protein 
animals, i t  seems unlikely that the effects of protein malnutrition 
w ill be found to be simply analogous to those reported with frontal 
lobe lesions.
CHAPTER V
SUMMARY
Protein-calorie malnutrition in rhesus macaques has been shown 
to result in a variety of behavioral abnormalities. However, when 
PCM is encountered in the human condition, i t  often pccurs within the 
context of not only d ietary , but also general environmental depriva­
tion. Therefore, i t  is of importance to investigate how environmental 
deprivation and PCM in teract to produce th e ir  e ffec ts . In the present 
study, the effects of nutritional and environmental deprivation on 
rhesus monkeys were investigated in a fa c to ria lly  designed experiment.
Sixteen infant rhesus monkeys were separated from th e ir  mothers 
at approximately 90 days of age and housed ind ividually . At 120 days 
of age, these infants were divided into four experimental groups (n = 
4): high protein social, low protein socia l, high protein iso la te ,
and low protein iso late . The environment manipulation involved rearing 
either in group liv in g  cages or individually (p artia l social iso la­
tio n ). Nutrition was varied by feeding e ither a d ie t consisting of 
25% casein by weight (23.6% of calories) or an isocaloric d ie t con­
taining only 3.5% casein (3.3% of calories).
A ll groups were between two and four years of age when they 
were adapted to the Wisconsin General Test Apparatus, pretrained in 
order to overcome position preferences, and tested on a spatial
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delayed alternation with correction task. S ignificant differences 
were found both for environment and d ie t effects across 5 day blocks 
such that high protein subjects performed better across blocks than 
low protein subjects and isolates performed better than socially  
enriched animals. No interactions between d ie t and environment were 
found.
The d iet e ffec t was interpreted as suggesting an attentional 
d e fic it  due to m alnutrition, while the environment e ffec t was a t t r i ­
buted to increased emotionality during testing in the WGTA. The 
fa ilu re  to find a s ign ificant d iet by environment interaction suggests 
that these factors may produce th e ir behavioral effects through d ifferen t 
mechanisms.
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APPENDIX A
Table 1 96
Summary of the Analysis of Variance: 
Environment x Diet x Block x Delay 
(HP-SOC, LP-SOC, HP-ISO, LP-ISO) 
Percent Correct
Source* SS df MS F
E 18,655.9 1 18,655.9 18.9**
D 3,259.1 1 3,259.1 3.3
ED 26.3 1 26.3 0.0
S(ED) 11,822.7 12i 985.2
B 33,775.6 6 5,629.3 40 1***
EB 2,708.8 6 451.5 . 3 .7 **
DB 4,616.0 6 769.3 6 .3 ***
EDB 361.9 6 60.3 0.5
S(ED)B 8,796.0 72 122.2
. I - 782.9 5 156.6 2 .4 *
El 350.4 5 70.1 1.1
DI 1,081.7 5 216.3 3 .4 **
EDI 206.0 5 41.2 0.6
S( ED)I 3,868.6 60 64.5
BI 937.1 30 31.2 0.6
EBI 1,185.3 30 39.5 0.8
DBI 1,843.2 30 61.4 1.2
EDBI 1,448.5 30 48.3 1.0
S(ED)BI 18,302.9 360 50.8
*p less than .05 ^e n v iro n m e n t *B=5 day block t r ia ls
**p  less than .01 D=diet I=delay in te rv a l
***p  less than .001
Table 2
Summary of the Analysis of Variance: 
Diet x Block x Delay (HP-SOC versus LP-SOC) 
Percent Correct
Source* SS df MS F
D 6,536.8 1 6,536.8 8.4*
S(D) 4,673.2 6 778.9
B 19,450.4 8 2,431.3 24 .2***
DB 6,842.2 8 855.3 8 .5 ***
S(D)B 4,817.8 48 100.4
I 1,086.9 5 217.4 2.2
DI 177.4 5 35.5 0.4
S(D)I 2,959.7 30 98.7
BI 2,026.3 40 50.6 0.9
DBI 2,066.7 40 51.7 0.9
MC
O
oc/> 13,485.2 240 56.2
*p less than .05
**p less than .01
***p  less than .001
lD=diet
B=5 day block tr ia ls  
I=delay interval
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Table 3
Surmary of the Analysis of Variance:
Diet x Block x Delay (HP-ISO versus LP-ISO)
Percent Correct
Source1 SS df MS : F
D 1,350.1 1 1,350.1 0.9
S(D) 8,880.5 6 1,480.1
B 26,694.3 6 4,449.1 29 .7***
DB 1,535.5 6 225.9 1.7
S(D)B 5,399.5 36 150.0
I 697.9 5 139.6 2.8*
DI 824.8 5 165.0 3.3*
S(D)I 1,499.1 30 50.0
BI 932.3 30 31.1 0.8
DBI 1,875.1 30 62.5 1.5
S(D)BI 7,414.8 180 41.2
*p less than .05 ^D -d iet
**p  less than .01 B=5 day block t r ia ls
***p  less than .001 I^delay in te rv a l
Table 4 99
Summary of the Analysis of Variance: 
Environment x Diet x Block x Delay 
(HP-SOC, LP-SOC, HP-ISO, LP-ISO) 
Percent Correct - F irs t Responses
Source* ss df MS F
E 16,284.0 1 16,284.0 14.5**
D 4,260.2 1 4,260.2 3.8
ED 1,020.1 1 1,020.2 0.9
S (ED) 13,444.7 12 1,120.4
B 29,465.5 6 4,910.9 26 .4***
EB 5,880.1 6 980.0 5 .3 ***
DB 3,819.3 6 636.5 3 .4 **
EDB 813.9 , 6 135.6 0.7
S(ED)B 13,398.7 72 186.1
I 198.4 5 39.7 0.3
El 504.1 5 100.8 0.8
01 1,299.4 5 259.9 2.0
EDI 404.5 5 80.9 0.6
S(ED)I 7,761.6 60 129.4
BI 2,347.1 30 78.2 0.9
EBI 2,666.7 30 88.9 1,0
DBI 3,148.1 30 104.9 1.2
EDBI 2,700.3 30 90.0 1.0
S(ED)BI 31,399.1 360 87.2
*p less than .05
**p  less than .01
***p  less than .001
*E=environment
D=diet
*B=5 day block tr ia ls  
I=delay interval
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Table 5
Summary o f the Analysis o f  Variance:
D iet x Block x Delay (HP-SOC versus LP-SOC)
Percent Correct -  F ir s t  Responses
Source1 SS df MS F
D 4,693.9 1 4,693.9 10.3*
S(D) 2,732.9 6 455.5
B 13,042.5 8 1,630.3 Q
DB 9,714.1 8 1,214.3 7 .0 ***
S (D) B 8,333.8 48 173.6
I 828.7 5 165.7 1.0
DI 574.1 5 114.8 0.7
S( D) I 5,097.3 30 169.9
BI 4,825.9 40 120.6 1.4
DBI 2,909.9 40 72.7 0.8
S(D)BI 21,348.0 240 89.0
*p less than .05 1D=diet
**p less than .01 B=5 day block t r ia ls
***p  less than .001 I=delay in te rv a l
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Table 6
Summary o f the Analysis o f Variance:
D ie t x Block x Delay (HP-ISO versus HP-ISO)
Percent Correct - F ir s t  Response
Source* SS df MS F
D 4,725.0 1 4,725.0 2.4
S(D) 11,895.9 6 1,982.6
B 29,979.3 6 4,996.6 20 .6***
DB 1,074.0 6 179.0 0.7
S(D)B 8,750.1 36 243.1
I 357.4 5 71.5 0.6
DI 839.3 5 167.8 1.5
S( D) I 3,328.7 30 111.0
BI 1,507.0 30 50.2 0.6
DBI 3,751.7 30 125.1 1.5
S(D)BI 15*125.3 180 84.0
*p less than .05 *D=diet
**p  less than .01 B=5 day block t r ia ls
***p  less than .001 I=delay in te rv a l
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Table 7
Perseverative Responses 
(HP-SOC, LP-SOC, HP-ISO, LP-ISO)
df Chi Square
10 Second Delay 12 57.95***
20 Second Delay 12 57.03***
30 Second Delay 12 38.08***
40 Second Delay 12 27.50**
50 Second Delay 12 41.48***
60 Second Delay 12 49.20***
*p less than .05
**p less than .01
***p  less than .001
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Table 8
Perseverative Responses: Social-Isolate
df Chi Square
10 Second Delay 4 32.28***
20 Second Delay 4 38.61***
30 Second Delay 4 28.42***
40 Second Delay 4 15.92**
50 Second Delay 4 31.17***
60 Second Delay 4 41.67***
*p less than .05
**p less than .01
***p  less than .001
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Table 9
Perseverative Responses: High Protein-Low Protein
df Chi Square
10 Second Delay 4 . 3.95
20 Second Delay 4 6.83
30 Second Delay 4 1.80
40 Second Delay 4 2.17
50 Second Delay 4 2.48
60 Second Delay 4 0.70
Table 10 105
Summary of the Analysis of Variance: 
Environment x Diet x Block x Delay 
(HP-SOC, LP-SOC, HP-ISO, LP-ISO) 
Response Latency
\N
Source^ SS df MS F
E 95.8 1 95.8 1.9
D' 87.6 1 87.6 1.7
ED 10.0 1 10.0 0.2
S (ED) 604.6 12 50.4
B 16.5 6 2.7 0.9
EB 80.1 6 13- 3 4 .4 **
DB . 37.1 6 6.2 2.0
EDB 20.8 6 3.5 1.1
S(ED)B. 220.5 72 3.1
I 25.5 5 5.1 8 .4 ***
El 8.1 5 1.6 2.7*
DI 11.7 5 2.3 3 .8 **
EDI 5.1 5 1.0 1.7
S(ED)I 36.5 60 0.6
BI 19.5 30 0.6 0.9
EBI 21.6 30 0.7 1.0
DBI 16.7 30 0.6 0.8
EDB I 17.7 30 0.6 0.8
S ( E D) BI 248.6 360 0.7
*p less than .05 ^e n v iro n m e n t *B=5 day block t r ia ls
**p less than .01 D=diet I=delay in te rv a ls
***p  less than .001
Table 11 106
Summary of the Analysis of Variance:
Environment x Diet x Block x Delay 
(HP-SOC, LP-SOC, HP-ISO, LP-ISO)
Response Latency (Reciprocal Transformation)
Source* SS df MS F
E 0.0205 , 1 0.0205 0.0
D 4.2130 1 4.2130 1.9
ED 1.2733 1 1.2733 0.6
S(ED) 26.5974 12 2.2164
B 0.1648 6 0.0274 0.7
EB 1.0208 6 0.1701 4 .1 **
DB 0.4226 6 0.0704 1.7
EDB 0.1563 6 0.0261 0.6
S(ED)B 2.9754 72 0.0413
I 0.2233 5 0.0446 9 .6 ***
El 0.0626 5 0.0125 2.7*
DI 0.0872 5 0.0174 3 .7 **
EDI 0.0149 5 0.0030 0.6
S(ED)I 0.2793 60 0.0046
BI 0.1317 30 0.0044 I -2
EBI 0.0848 30 0.0028 0.8
DBI 0.0549 30 0.0018 0.5
EDBI 0.1352 30 0.0045 I -2
S(ED)BI 1.2889 360 0.0036
*p less than .05 ^e n v iro n m e n t B=5 day block t r ia ls
**p  less than .01 D=diet I=delay in te rv a l
***p  less than .001 ;
Table 12 107
Summary of the Analysis of Variance: 
Diet x Block X Delay (HP-SOC versus LP-SOC) 
Response Latency
Source1 SS df MS F
D 88.9 1 88.9 0.9
S(D) 607.7 6 101.3
B 71.2 8 8.9 1.8
DB 53.0 8 6.6 1.3
S(D)B 243.4 48 5.1
I 38.7 5 7.7 5 .8 ***
DI 9.6 5 1.9 1.4
S(D) I 39.8 30 1.3
BI 41.2 40 1.0 0.9
DBI 44.5 40 1-1 1.0
S(D)BI 270.1 240 1.1
*p less than .05
**p less than .01
***p  less than .001
lD=diet
B=5 day block tr ia ls  
I=delay interval
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Table 13
Summary o f the Analysis o f Variance:
D ie t x Block x Delay (HP-ISO versus LP-ISO)
Response Latency
Source* SS df MS F
D 19.2 1 19.2 1.0
S(D) 114.1 6 19.0
B 35.4 6 5.9 8 .3 ***
DB 9.2 6 1.5 2.2
S(D)B 25.4 36 0.7
I 4.0 5 0.8 4 .3 **
DI 0.9 5 0.2 1.0
S(D)I 5.6 30 0.2
BI 3.8 30 0.1 1.1
DBI 3.3 30
• 
r
Ho 0.9
S(D)BI 21.4 180 o .l
*p less than .05 
**p less than .01 
***p  less than .001
1D= d ie t
B=5 day block t r ia ls
I=delay in te rv a l
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Table 14
Summary of the Analysis of Variance: 
Environment x Diet x Block 
(HP-SOC, LP-SOC, HP-ISO, LP-ISO) 
Mean Response Latency
Source* SS df - MS F
E 15.8 1 15.8 1.7
D 14.3 1 14.3 1.5
ED 1.5 1 1.5 0.2
S(ED) 111.2 12 9.3
B 3.0 6 0.5 1.0
EB 15.0 6 2.5 5 .0 ***
DB 5.2 6 0.9 1.7
EDB 3.5 6 0.6 1.2
S(ED)B 36.0 72 0.5
*p less than .05 ^E-environment
**p less than .01 D=diet
***p  less than .001 B=5 day block tr ia ls
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Figure 1. P ro b a b ility  o f an e rro r
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Table 1 
Probability of an Error
After a A fter A fter A fter After
Correct 1 2 3 4
Response Error Errors Errors Errors
.48 .35 .42 .49 .50
.42 .22 .34 ' .47 .47
.42 ' .35 .36 .48 .59
.38 .25
*
.23 .30 .29
.37 .31 .36 •SI .68
.37 .32 .35 .44 .58
.44 .44 .44 .42 .41
.24 .36 .42 ' .32 .67
.50 .53 .54 .52 .61
.53 .43 .47 .53 .42
.46 .56 .58 .54 .55
.48 .45 .46 .50 .51
.48 .47 .48 .60 .50
.52 .48 .47 .54 .45
.44 .32 .41 .43 .62
.46 .37 .49 .37 .34
